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(54) DISPLAY DEVICE 

(57) A display apparatus, that includes curent driv- 
ing type luminescent elements, has a driving system 
that takes the conduction types of TFTs to control the 
emission of the luminescent elements into considera- 
tion. In order to reduce driving voltage and improve dis- 
play quality simultaneously the arrangement is provided 
such that if the second TFT (30) which performs the 
"on-off" function of the current for the luminescent ele- 
ment (40) is of an N channel type, the potential of the 
common power supply line ("com") is lowered below the 
potential of the opposite electrode ("op") of the lumines- 
cent element (40) to obtain a higher gate voltage 
("Vgcur'O. In this case, if the first TFT (20) connected to 
the gate of the second TFT (30) Is of a P channel type, 
when using the potential of the potential-holding elec- 
trode ("st") at the "on" state as a reference, potentials of 
the scanning signal CSgate") at the lower potential and 
the common power supply line ("com") are rendered of 
the same polarities with respect to this potential of the 
potential-holding electrode ("st"). Therefore, the poten- 
tial of the image signal ("data") to turn "on" can be 
shifted within the range of the driving voltage in the dis- 
play apparatus (1) in the direction to reduce resistances 
at the "on" states of the first TFT (20) and the second 
TFT (30) to reduce driving voltage and improve display 
quality. 
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Description 

Technical Field 

[0001] The present invention relates to an active s 
matrix type display apparatus including luminescent 
elements such as EL (Electro-luminescence) elements 
or LED (Light Emitting Diode) elements which emit light 
by driving current flowing in thin films of organic semi- 
conductors or the like, and also including thin film tran- io 
sistors (hereinafter TFTs) to control the emitting 
operation of these luminescent elements. More particu- 
larly, the present invention relates to a technique of driv- 
ing each element formed in this type of display 
apparatus. rs 

Background Art 

[0002] Active matrix type display apparatuses incor- 
porating luminescent elements of a current controlling so 
type, such as EL elements and LED elements, have 
been proposed. Since any luminescent element 
employed in this type of display apparatus emits by 
itself, there are advantages in using no back-light and in 
having a minimal dependence on the viewing angle and 25 
the like. 

[0003] Fig. 31 is a block diagram illustrating an active 
matrix type display apparatus incorporating organic thin 
film EL-elements of an electric charge filling type, as an 
example of these types of display apparatuses. In the 30 
display apparatus 1 A shown in this figure, a plurality of 
scanning lines "gate", a plurality of data lines "sig" 
extending in a direction that intersects the direction in 
which the scanning line "gate" extend, a plurality of 
common power supply lines "com" extending parallel to 35 
the data lines "sig", and a plurality of pixels 7 located at 
the intersections of the data lines "sig" and the scanning 
lines "gate" which are formed on a transparent sub- 
strate. 

[0004] Each pixel 7 comprises a first TFT 20 in which 40 
a scanning signal is supplied to the gate electrode (a 
first gate electrode) through the scanning gate, a hold- 
ing capacitor "cap" which holds an image signal sup- 
plied from the data line "sign" via the first TFT 20, a 
second TFT 30 in which the image signal held by the 45 
holding capacitor "cap" is supplied to the gate electrode 
(a second gate electrode), and an luminescent element 
40 (irxJicated as a resistor) into which the driving current 
flows from the common power supply line "com" when 
the element 40 is electrically connected to the common so 
power supply line "com" through the second TFT 30. 
[0005] In the above display apparatus 1A. both the 
first TFT 20 and the second TFT 30 are conventionally 
formed, as with an N channel type TFT or a P channel 
type TFT. as shown in an equivalent circuit diagram of ss 
Fig. 32. from the viewpoint of simplifying the production 
process, for example, in the case of an N channel type. 
Taking tfie N channel type as an example, as shown in 



Figs. 33 (A) and (B). when the high potential image sig- 
nal "data" is written into the holding capacitor "cap" from 
the data line "sig", while the scanning signal "Sgate" 
supplied through the scanning line "gate" has become 
higher in potential to turn the first TFT 20 "on", the sec- 
ond TFT 30 is held in the "on" state. Consequently, in 
the luminescent element 40. the driving curent keeps 
flowing from a pixel electrode 41 to an opposite elec- 
trode "op" in the direction indicated by the arrow "E" and 
consequently, the luminescent element 40 keeps emit- 
ting (the "on" state). On the other hand, when the image 
signal "data", which is lower than the intermediate 
between the potential of the common power supply line 
"com" and the potential of the opposite electrode "op", is 
written into the holding capacitor "cap" from the data 
line "sig". while the scanning signal "Sgate" supplied 
through the scanning line "gate" has become higher in 
its potential to turn the first TFT 20 "on", the second TFT 
30 is turned "off" and consequentiy, the luminescent 
element 40 is turned "off" (the "off" state). 
[0006] In the above display apparatus 1 A. a semicon- 
ductor thin film, an insulating thin film, an electrode, etc., 
which constitute each element, are formed by thin films 
deposited on the substrate. Considering the heat resist- 
ance of the sul5strate. a low-temperature process is 
often used to form the thin films. Therefore the quality of 
the thin film is poor, as is evidenced by the frequent 
defects caused by a physical-property difference 
between a thin film and a bulk, which result in problems 
such as an electrical breakdown, and wherein time-deg- 
radation is apt to arise in the TFT and similar devices. 
[0007] In the case of a liquid aystal display apparatus 
incorporating liquid crystals as light modulation ele- 
ments, altinough it also uses the thin films, time-degra- 
dation can be suppressed not only in the liquid crystal 
but also in the TFT, because the light modulation ele- 
ment is driven by AC power On ttie other hand, in the 
display apparatus 1A incorporating luminescent ele- 
ments of the current controlling type, time-degradation 
is more often encountered in the TFT tiian in the liquid 
crystal display apparatus insofar as tiie apparatus is 
essentially driven by D.C. power. Although improve- 
ments have been made in the structure of tiie TFT and 
the process techniques in the display apparatus 1A. 
incorporating luminescent elements of the current con- 
ti'olling type, tiiey do not yet seem to be improved 
enough. 

[0008] In the case of incorporating the liquid crystals 
as the light modulation elements, the power consump- 
tion is small because the lighit modulation element is 
controlled by the voltage which causes the current flow 
in each element to be only momentary On the other 
hand, in the display apparatus 1A incorporating lumi- 
nescent elements of the current controlling type, a con- 
stant driving cun-ent is required to keep the luminescent 
element "on", and this results in high power consump- 
tion and tiie risk of the frequent occurrence of electrical 
breakdown and time-degradation. 
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[0009] Further, in the liquid crystal display apparatus, 
the liquid crystal can be AC-driven by one TFT per one 
pixel. On the other hand, in the display apparatus 1A 
incorporating lumin^cent elements of tine current con- 
trolling type, the luminescent element 40 is DC-driven 5 
by two TFTs 20, 30 per one pixel. This raises the driving 
voltage, and exacerbates the aforementioned problems, 
such as electrical breakdown and time-degradation. For 
example, as shown in Fig. 33 (A), the gate voltage 
"Vgsw" of the first TFT. when selecting a pixel, corre- 10 
spends to the potential difference between the potential 
equal to the higher potential of the scanning signal 
"Sgate" and the potential of the potential-holding elec- 
trode "st" (the potential of the holding capacitor "cap" or 
the potential of the gate electrode of the second TFT 15 
30). Therefore when the potential of the potential-hold- 
ing electrode "st" and, hence, the gate voltage "Vgcur** 
of the second TFT 30 are raised to make the lumines- 
cent element 40 emit in a high luminance, the gate volt- 
age "Vgsw" of the first TFT 20 is lowered 20 
correspondingly Therefore, the greater amplitude of the 
scanning signal "Sgate" has to be employed, requiring 
the higher driving voltage in the display apparatus 1 A. 
Besides, in the aforementioned display apparatus 1 A. 
since when the luminescent element 40 is '"off", the 2s 
potential of the image signal "data" is made lower than 
the intermediate potential between the potential of the 
common power supply line "com" and the potential of 
the opposite electrode "op" in order to turn the second 
TFT 30 "off, there is another problem of increased 30 
amplitude of the image signal "data". Accordingly, in this 
display apparatus 1A, special consideration for the 
power consumption and the withstanding of voltage of 
the TFT, etc. is needed compared to the liquid crystal 
display apparatus. However, the conventional display 35 
apparatus 1 A has not been provided with the sufficient 
consideration of these factors. 

[001 0] Accordingly, an object of the present invention 
is to provide a display apparatus, which improves dis- 
play image quality as welt as suppresses power con- 40 
sumption, electric breakdown and deterioration with 
time by reducing the driving voltage, relying upon a driv- 
ing method which takes into account the conduction 
types of TFTs used for controlling emission operations 
of the current-driven light-luminescent elements so as 45 
to reduce the driving voltage, which improves both the 
display image quality and characteristics such as power 
consumption, breakdown and time-degradation. 

Disclosure of Invention so 

[001 1 ] To accomplish the aforementioned object, the 
present invention in Claim 1 proposes a display appara- 
tus conprising, arranged on a substrate, a plurality of 
scanning lines, a plurality of data lines intersecting the ss 
scanning lines, a plurality of common power supply 
lines, a plurality of pixels formed by the scanning lines 
and the data lines in a matrix form, each of said pixels 



comprising a first TFT having a first gate electrode 
which is suppliaJ with a scanning signal through the 
scanning line, a holding capacitor which holds an image 
signal supplied by the data line though the first TFT, a 
second TFT having a second gate electrode which is 
supplied with the image signal held by the holding 
capacitor, an emitting thin film, which emits light due to 
the driving current which flows between the pixel elec- 
trode and an opposite electrode, which is opposed to 
the pixel electrode with the emitting thin film provided 
therebetween, when the pixel electrode is electrically 
connected to the common power supply line through the 
second TFT, wherein the potential of the common 
power supply line is set at a lower level than that of the 
opposite electrode when the second TFT is of an N 
channel type. 

[0012] In the display apparatus according to the 
present invention, since the gate voltage of the second 
TFT at "on" state corresponds to the difference between 
the potential of gate electrode (the potential of the 
image signal) and one of the potential of the common 
power supply line and the pixel electrode, the gate volt- 
age of the second TFT is arranged so as to correspond 
to the potential difference between the common power 
supply line and the potential-holding electrode by opti- 
mizing relative potential values between the common 
power supply line and the opposte electrode of the 
luminescent element according to the corduction type 
of the second TFT For example, when the second TFT 
is of an N channel type, the potential of the common 
power supply line is set at a lower level than that of the 
opposite electrode of the luminescent element. Since 
this potential of the common power supply line can be 
set low enough different from the potential of the pixel 
electrode, the large "on" current in the second TFT can 
be obtained to get a high luminance display. If the higher 
potential can be obtained in the second TFT when the 
pixel is turned "on", the potential of the image signal can 
be lowered to reduce its amplitude, and this results in a 
reduction of the driving voltage in the display apparatus. 
Therefore, there are advantages in reducing the power 
consumption, and simultaneously the problem of with- 
standing voltage, which concerns each element formed 
by a thin film, is not encountered. 
[001 3] In accordance with the present invention, if the 
second TFT is of an N channel type, it is preferable that 
the potential of the image signal supplied through the 
data line to the pixel to be turned "on" state is lower 
than, or is equal to. the potential of the opposite elec- 
trode. In this structure, the amplitude of the image signal 
can also be reduced to reduce the driving voltage in the 
display apparatus while keeping the second TFT in the 
"on" state. 

[0014] In accordance with the present invention, if the 
second TFT is of an N channel type, it is preferable that 
the potential of the image signal supplied through the 
data line to the pxel to be "off" state is higher than, or is 
equal to, the potential of the common power supply line 
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(Claim 5). That is. when the pixel is turned "off", the gate 
voltage (the image signal) is not applied enough to turn 
the second TFT "off" completely. The "off" state can be 
realized, conrtbined with non-linear characteristics of the 
luminescent element. Accordingly, the amplitude of the 
image signal can be r^uced to decrease the driving 
voltage in the display apparatus and to increase the fre- 
quency of the image signal. 

[001 5] In accordance with the present invention, if the 
second TFT is of a P channel type, conversely to each 
of the above described structures, a relative relation of 
each potential is reversed. That is. when the second 
TFT is of a P channel type, a display apparatus is fea- 
tured that tfie potential of colon power supply line is set 
at a higher level than that of the opposite electrode 
(Claim 2). In this case, it is preferable that the potential 
of the image signal supplied through the data line to the 
pixel to be "on" state is higher than, or is equal to, the 
potential of the opposite electrode (Claim 4). It is also 
preferable that the potential of the innage signal supplied 
through the data line to the pixel to be "ofT state is lower 
than, or is equal to, the potential of the common power 
supply line (Claim 6). 

[0016] In accordance with the present invention, it is 
preferable that the first TFT and the second TFT are 
formed by TFTs which are in opposite conduction types 
(Claim 7). That is. it is preferable that If the first tft is of 
an N channel type, the second TFT is of a P channel 
type, while if the first TFT is of a P channel type, the sec- 
ond TFT is of an N channel type. In this structure, as will 
be described later in relation to Claim 8 in detail, speed- 
ing up of the display operation can be achieved, by only 
changing the potential of the image signal to turn "on" to 
the direction that the resistance of the first TFT at the 
"on" state is reduced within the range of the driving volt- 
age in the display apparatus. Since it means that the 
potential of the image signal to put the peel "on" state is 
changed to the direction that the resistance of the sec- 
ond TFT at the "on state" is reduced at this time, as a 
result, a display luminance can be improved. Thus, 
reduction at the driving voltage and improvement In the 
display quality can be accomplished simultaneously. 
[001 7] Another embodiment of the invention (Claim 8) 
describes a display apparatus comprising, arranged on 
a substrate, a plurality of scanning lines, a plurality of 
data lines intersecting the scanning lines, a plurality of 
common power suii^ly lines, a plurality of pixels formed 
by the scanning lines ard the data lines in a matrix form, 
each peel comprising a first TFT having a first gate elec- 
trode which is supplied with a scanning signal through 
the scanning line, a holding capacitor which holds an 
image signal supplied through the data line via the first 
TFT. a second TFT having a second gate electrode 
which is supplied with the image signal held by the hold- 
ing capadtor. and a luminescent element comprising an 
emitting thin film which is provided between a pixel elec- 
trode formed by each of tfie pixels and an opposite elec- 
trode opposed to the pixel electrode and emits light due 
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to the driving current which flows between the pixel 
electrode and the opposite electrode when the pixel 
electrode is electrically connected to the common 
power supply line tfirough the second TFT. wherein the 
5 first TFT and the second TFT are formed as the thin film 
transistors which are of opposite conduction types rela- 
tive to each other. 

[001 8] In accordance with the present invention, since 
the first TFT and the second TFT are of opposite con- 

w duction types, for example, if the first TFT is of an N 
channel type, the second TFT is of a P channel type, a 
height of the selecting pulse is to be raised to increase 
a storage capacity of the first TFT. while the potential of 
the image signal is to be lowered to reduce the "on" 

75 resistance of the second TFT and to increase an emit- 
ting luminance. These optimizations in the scanning sig- 
nal and the image signal are effective at shifting the gate 
voltage of the first TFT to the direction of increasing tiie 
"on" current of this TFT in accordance with that of the 

so image signals, which is at tiie level to turn tine lumines- 
cent element "on" state, are written into the holding 
capacitor, during the selection of the pixel. Therefore, 
the image signal can be written into the holding capaci- 
tor smoothly from the data line through tiie first TFT. The 

25 gate voltage of the first TFT in the event of selecting the 
pixel corresponds to the potential difference between 
the scanning signal at tiie higher potential side and the 
potential-holding electrode at the time of "on" (the 
potential of the image signal to turn "on", the potential of 

30 the holding capacitor or the gate electrode potential of 
the second TFT). The gate voltage of the second TFT 
correspords to the potential difference between the 
potential-holding electrode at the time of "on" and the 
common power supply line. When using the potential of 

35 the potential-holding electrode at the time as a refer- 
ence, the potential of tiie scanning signal at the higher 
potential side and the common power supply line are 
tiie same in polarity. If the potential of the potential-hold- 
ing electrode at the time of "on" (the potential of the 

40 image signal to turn "on") is changed, both gate volt- 
ages of the first TFT and the second TFT change corre- 
spondingly in the same direction and by the same 
amount. Therefore, a speed up of the display operation 
can be accomplished, provided tiiat the image signal 

45 potential to turn "on" is changed to decrease the resist- 
ance of tiie first TFT at the time of "on". At this time, 
since the potential of the image signal to turn "on" is 
changed in the direction that the resistance of the first 
TFT at the time of "on" is reduced, as a result, a display 

so luminance can be improved. Thus the reduction in the 
driving voltage and improvement in the display quality 
can be accomplished simultaneously. 
[0019] In accordance with the present invention, it is 
preferable that the gate voltage applied to the second 

55 TFT in the pixel at "off" state is in the same polarity as of 
tiie second TFT in the "on" state, and also the value of 
tiie gate voltage does not exceed tiie threshold voltage 
of the second TFT (Claim 9). That is. when tiie pixel is 
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turned "off", the gate voltage (the image signal) is not 
applied enough to completely tum the second TFT "on" 
state. Thus, the amplitude of the image signal can be 
reduced to achieve the increased frequertcy of the 
image signal. 5 
[0020] In this structure, if the first TFT is of an N chan- 
nel type and the second TFT is of a P channel type, it is 
preferable that the potentials of the scanning signal to 
turn the first TFT "on" and the common power supply 
line are the same, and the potential of the gate elec- 10 
trode applied to the second TFT of the pixel in the "oft" 
state is lower than the potential which is obtained by 
subtracting the threshold voltage of the first TFT from 
the scanning signal potential at which the first TFT is 
turned "on" (Claim 1 0). In contrast, if the first TFT is of a is 
P channel type and the second TFT is of an N channel 
type, it is preferable that the potential of the scanning 
signal when the first TFT is turned "on" is the same as 
that of the common power supply line, and also the 
potential of the gate electrode applied to the second 20 
TFT of the pixel in the "off" state is higher than the 
potential which is obtained by adding the threshold volt- 
age of the first TFT to the scanning signal potential at 
which the first TFT is turned "on" (Claim 11). As 
described above, if the potential of the scanning signal 2S 
when the first TFT is turned "on" and that of the com- 
mon power supply line are equated, the number of lev- 
els of each driving signal is reduced. Thus, the number 
of input terminals to the display apparatus and the 
number of power sources can be reduced simultane- 30 
ously. and this results in reduced power consumption. 
[0021] In accordance with the present invention, it is 
preferable that one of the electrodes, which is provided 
at the holding capacitor and is opposite to the electrode 
to be electrically connected to the second gate elec- 35 
trode of the second TFT, is supplied with a pulse, a 
potential polarity of which is opposite to the selecting 
pulse of the scanning signal with a delay behind the 
selecting pulse (Claim 12). In this structure, since the 
writing of the image signals into the holding capacitor 40 
can be supplemented, the potential of the image signal 
applied to the gate electrode of the secorxl TFT can be 
shifted in the direction to increase a luminance, without 
increasing the amplitude of the image signal. 
[0022] Further, another embodiment of the invention 45 
describes a display apparatus comprising, arranged on 
a substrate, a plurality of scanning tines, a plurality of 
data lines intersecting the scanning lines, a plurality of 
common power supply lines, a plurality of pixels formed 
by the scanning lines and the data lines in a matrix form, so 
each pixel comprising a first TFT having a first gate 
electrode which is supplied with a scanning signal 
through the scanning line, a holding capacitor which 
holds an image signal supplied through the data line via 
the first TFT. a second TFT having a second gate elec- ss 
trode which is supplied with the image signal held by the 
holding capacitor, and an luminescent element compris- 
ing an emitting thin film which is provided between a 
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pixel electrode formed by each of the pixels and an 
opposite electrode opposed to the pixel electrode and 
emits light due to the driving current which flows 
between the pixel electrode and ttie opposite electrode 
when the pixel electrode is electrically connected to the 
common power supply line through the second TFT. 
wherein one of electrodes of the holding capacitor, 
opposite to that electrically connected to the second 
gate electrode of the second TFT, is supplied with a 
pulse, the potential polarity of which is opposite to the 
selecting pulse of the scanning signal with a delay 
behind the selecting pulse (Claim 13). 
[0023] In this structure, since the writing of the image 
signals into the holding capacitor can be supplemented, 
the potential of the image signal applied to the gate 
electrode of the second TFT can be shifted in the direc- 
tion to increase a luminance, without increasing the 
amplitude of the image signal. 

[0024] In any of the aforementioned embodiments, an 
organic semiconductor film can be used as the emitting 
thin films, for example. (Claim 14). 
[0025] In accordance with the present invention, in 
any of the aforementioned embodiments, the second 
TFT can be formed so as to perform in the saturated 
region to prevent an abnormal current from being gen- 
erated in the luminescent element, which would result in 
the generation of a cross-talk. etc. at another pixel 
because of tiie voltage drop, or the like (Claim 1 5). 
[0026] Further, it is possible to prevent unevenness of 
the threshold voltage from influencing a display opera- 
tion by forming the second TFT so as to operate in the 
linear region (Claim 16). 

Bri ef Descri ption of the Drawings 

[0027] 

Fig. 1 is a plan view schematically illustrating a dis- 
play apparatus in accordance with the present 
invention. 

Rg. 2 is a block diagram illustrating a basic con- 
struction of a display apparatus in accordance with 
the present invention. 

Rg. 3 is an exploded plan view illustrating a pixel in 
the display apparatus shown in the Fig. 2. 
Rg. 4 is a cross-sectional view taken on line A- A' of 
Rg. 3. 

Rg. 5 is a cross-sectiona! view taken on line B-B' of 
Rg. 3. 

Rg. 6(A) is a cross-sectional view taken on line C- 
C* of Rg. 3, and Rg. 6(B) is a schematic represen- 
tation indicating an effect when the apparatus is 
constructed as shown in Fig. 6 (A). 
Rg. 7(A) and Fig. 7(8) are respective cross-sec- 
tional views of the luminescent elements utilized in 
the display apparatus shown in Fig. 2. 
Rg. 8(A) and Fig. 8(B) are respective cross-sec- 
tional views of the luminescent elements having a 
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different structure from the pixels shown in Rg. 7. 
Rg. 9 is a graph showing a current-voltage charac- 
teristic of the luminescent elements shown in Rg. 
7(A) and Rg. 8(B). 

Rg. 10 is a graph showing a current-voltage char- s 
acteristc of the luminescent elements shown in Fig. 
7(B) and Fig. 8(A). 

Rg. 1 1 is a graph showing current-voltage charac- 
teristics of an N channel type of TFT. 
Rg. 12 is a graph showing current-voltage charac- io 
teristics of a P channel type of TFT. 
Rg. 13 is a flow sectional view illustrating a method 
for producing a display apparatus in accordance 
with the present invention. 

Rgs. 1 4(A) and (B) are respectively a plan view and 75 
a cross-sectional view of the pixels having a differ- 
ent structure from the pixels shown in Figs. 3 
through 6. 

Rg. 15 is an equivalent circuit diagram illustrating a 
pixel structure of a display apparatus tn accordance 20 
with Embodiment 1 of the present invention. 
Rgs. 16(A) and (B) are a schematic representation 
indicating electrical connections of each element 
formed in the pixel shown in Fig. 1 5. and a wave- 
form chart indicating potential changes in the driv- 25 
ing signal, etc.. respectively. 
Rg. 17 is an equivalent circuit diagram illustrating a 
structure of a di^lay apparatus in accordance with 
a modified Embodiment 1 of the present invention. 
Figs. 18(A) and (B) are a schematic representation 30 
indicating electrical connections of each element 
formed in the pixel shown in Fig. 1 7, and a wave- 
form chart indicating potential changes in the driv- 
ing signal, etc. respectively. 

Rg. 19 is an equivalent circuit diagram illustrating a 35 
pixel structure of a display apparatus in accordance 
with Embodiment 2 of the present invention. 
Rgs. 20(A) and (B) are a schematic representation 
indicating electrical connections of each element 
formed in the pixel shown in Fig. 19, and a wave- 40 
form chart indicating potential changes in the driv- 
ing signal, etc. respectively. 
Rg. 21 is an equivalent circuit diagram illustrating a 
pixel structure of a display apparatus in accordance 
with a modified Embodiment 2 of the present inven- 45 
tion. 

Rgs. 22(A) and (B) are a schematic representation 
indicating electrical connections of each element 
formed in the pixel shown in Fig. 21, and a wave- 
form chart indicating potential changes in the driv- so 
ing signal, etc. respectively. 
Rg. 23 is an equivalent circuit diagram illustrating a 
pixel structure of a display apparatus in accordance 
with Embodiment 3 of the present invention. 
Rgs. 24(A) and (B) are a waveform chart indicating 55 
the signals to drive the pixel shown in Fig. 23. and a 
schematic representation indicating correspond- 
ences between these signals and the equivalent 
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drojit. respectively 

Rg. 25 is a waveform chart indicating the signals to 
drive the pixel of a display apparatus in accordance 
with Embodiment 2 of the present invention. 
Rg. 26 is an equivalent circuit diagram illustrating a 
pixel structure of a display apparatus in accordance 
with a modified Embodiment 3 of the present inven- 
tion. 

Rgs, 27(A) and (B) are a waveform chart indicating 
the signals to drive the pixel shown in Fig. 26, and a 
schematic representation indicating correspond- 
ences between tiiese signals arxi the equivalent 
drcurt, respectively 

Rgs. 28(A) and (B) are an equivalent circuit dia- 
gram illustrating a pixel of a display apparatus in 
accordance with Embodiment 4 of the present 
invention, and a waveform chart indicating the sig- 
nals to drive the pixel, respectively 
Rg. 29 is a block diagram of the driving circuit at the 
scanning side to generate the signals shown in Fig. 
28. 

Rg. 30 is a waveform chart indicating each signal 
generated from the driving circuit at the scanning 
side shown in Rg. 29. 

Rg. 31 is a block diagram of a display apparatus. 
Rg. 32 is an equivalent circuit diagram illustrating a 
conventional pixel construction h the display appa- 
ratus shown in Fig. 31. 

Rgs. 33(A) and (B) are a waveform chart indicating 
the signals to drive the pixel shown in Fig. 32. and a 
schematic representation indicating correspond- 
ences between these signals and the equivalent 
drcuit. respectively. 

Rgs. 34(A) and (B) are a block diagram indicating a 
construction to form a capacitor by using an adja- 
cent gate line and a waveform of the gate voltage 
signals, respectively. 

Best Mode for Carrvina Out of the inventioh 

[0028] Embodiments of the invention will be described 
with reference to the drawings. Before showing each 
embodiment of the invention, reference will be made to 
the common structure for each embodiment, wherein 
the portions having common functions in each embodi- 
ment are designated by the same reference numerals, 
respectively, to avoid duplicate description. 

(The general construction of an active matrix substrate) 

[0029] Fig. 1 is a schematic block diagram schemati- 
cally illustrating a general layout of a display apparatus, 
and Fig. 2 is an equivalent circuit diagram of an active 
matrix formed therein. 

[0030] As illustrated In Fig. 1 , the center portion of a 
transparent substrate 10 as a basic body is a display 
portion 2, in a display apparatus 1 of the embodiment. In 
the peripheral region of the transparent substrate 10. at 
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the upper and lower sides as viewed on the figure, an 
inspection circuit 5. and a driving circuit 3 at the data 
side, which outputs an image signa! to a data line "sig". 
are formed respectively. And in the right and left sides 
as viewed on the figure, driving circuits 4 at the scan- 5 
ning side, which output scanning signals to a scanning 
line "gate", are formed. In each of the driving cirojits 
3.4. a complementary type TFT comprising a shift reg- 
ister circuit, a level shifter circuit an analogue switch cir- 
cuit, etc. is formed by an N type TFT and a P type TFT w 
A packaging pad 6, which is a terminal group for input- 
ting the image signals, the various electric potentials 
and the pulse signals, is formed in the peripheral region 
on the transparent substrate 10. outside of the data side 
driving circuit 3. 75 
[0031] In the display apparatus 1. a plurality of the 
scanning lines "gate** and a plurality of the data lines 
'*sig", which extend in a direction that intersects the 
direction in which the scanning lines "gate" extend, are 
formed on the transparent substrate 10. in the same 20 
way as in an active matrix substrate of a liquid crystal 
display apparatus. As shown in Fig. 2, many pixels 7 are 
formed in a matrix form by the crossing of the data lines 
**sig" and the scanning lines "gate". 

[0032] In any of the pixels 7 , a first TFT 20 is formed. 25 
in which a scanning signal is supplied to a gate elec- 
trode 21 (a first gate electrode) through the scanning 
line "gate". One side of a source-drain region of the TFT 
20 is electrically connected to the data line "sig". while 
the other side of the source-drain region is electrically so 
connected to a potential-holding electrode "st". That is. 
a capacitor line "dine" is formed parallel to the scanning 
line "gate" and a holding capacitor "cap" is formed 
between the capacitor line "dine" and the potential- 
holding electrode "st". Accordingly, when the first TFT 35 
20 is selected by the scanning signal and turned to "on", 
an image signal* which is supplied from tiie data line 
"sig" and fonwarded through the first TFT 20. is written in 
the holding capacitor "cap". 

[0033] A gate electrode 31 (a second gate electrode) 40 
of the second TFT 30 is electrically connected to the 
potential-holding electrode "st". While one side of the 
source-drain region of the second TFT 30 is connected 
to a common power supply line "com", the other side of 
the source-drain region is electriceilly connected to one 45 
of electrodes (a pixel electrode, as will be referred to 
below) of an luminescent element 40. The common 
power supply line "com" is held at a constant potential. 
When the second TFT 30 is turned "on", the electric cur- 
rent from the common power supply line "com** flows to so 
illuminate the luminescent element 40 through the sec- 
ond TFT 30. and makes the luminescent element 40 
emit. 

[0034] In the display apparatus 1 constructed as 
stated above, since the driving current flows through the ss 
current route formed by the luminescent element 40. the 
second TFT 30 and the common power supply line 
•*com", the flow of the current stops when the second 



TFT 30 is turned "off". However, in the display apparatus 
1 according to this embodiment, when tiie first TFT 20 is 
selected by the scanning signal and turned "on", tiie 
image signal, which is supplied from the data line "sig" 
and fonwarded through the first TFT, is written into tiie 
holding capacitor "cap". Accordingly, since the potential 
of the gate electrode of the second TFT 30 is held at 
equal to that of tiie image signal by the holding capaci- 
tor "cap", even if the first TFT 20 is turned "off", the sec- 
ond TFT 30 remains "on". Therefore, the driving current 
in the luminescent element 40 keeps flowing and tiiis 
pixel remains illuminated. This state will be maintained 
until new image data is written into the holding capacitor 
'*cap" and the second TFT 30 turns "off. 
[0035] In tiie display apparatus 1, various arrange- 
ments are possible with the common power supply line 
"com**, tiie pixel 7 and the data line "sig". In this embod- 
iment, a plurality of the pixels 7, having the luminescent 
elements 40 power supply, in which the driving current 
is supplied via common power supply line "com" , are 
disposed on both sides of the common power supply 
line "com". Two data lines "sig" are arranged at the side 
of tiiese pixels 7 opposite to tiie common power supply 
line "com". That is. a unit including data line "sig", a pixel 
group connected to this data line, a piece of common 
power supply line "com", another pixel group connected 
to this common power supply line and another data line 
"sig" which supplies the pixel signals to this pixel group, 
is repeated in the direction that the scanning line "gate" 
extends. Each common power supply line "com" sup- 
plies driving currents to two lin^ of the pixels 7. In tiiis 
embodiment, in tiie each of two pixels 7 provided with 
the common power supply line "com" therebetween, the 
first TFTs 20, the second TFTs 30 and the luminescent 
elements 40 are disposed symmetrically with respect to 
the common power supply line "com** in order to make 
the electrical connection between these elements and 
each of wiring layers easier. 

[0036] Thus, in tiiis embodiment, since a piece of tiie 
common power supply line "com" drives two lines of the 
pixels, only one half of the number of the common 
power supply lines "com" is needed compared with the 
number of the common power supply lines "com" when 
each of them is formed per one line of the pixels, and 
also the space reserved between the common power 
supply line "com" and the data line "sig" formed in tiie 
same layer can be eliminated. Therefore, the area for 
wiring can be reduced on the transparent substrate 10, 
and consequentiy. the display performance can be 
improved In terms of luminance, contrast ratio and so 
forth. In addition, since the common power supply lines 
are arranged such that each common power supply line 
"com" is connected to two lines of the pixels, each two 
data lines "sig** are arranged side-by-side and supply 
the image signal to each line of the pixels group. 
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(The pixel construction) 

[0037] The structure of each pixel 7 in the display 
apparatus 1 formed as described above will be 
explained in detail with reference to Figs. 3 to 6. s 
[0038] Fig. 3 is an enlarged plan view showing three 
pixels 7 of a plurality of pixels 7 formed in the display 
apparatus 1 of this embodiment. Fig. 4, Fig. 5 and Fig. 
6 are section views taken on line A-A\ B-B* and C-C* of 
Fig. 3. respectively. ic 
[0039] First, at the position taken on line A-A' in Fig. 3, 
a silicon film 200, shaped like Islands, is formed on the 
transparent substrate 10 per each pixel 7 to form the 
first TFT 20, as shown in Fig. 4. A gate insulating film 50 
is formed on the surface of the silicon film 200. The gate is 
electrode 21 {a portion of the scanning line "gate^ is 
formed on the surface of tfie gate-insulating film 50. The 
source-drain regions 22 and 23 are formed by self- 
alignment with respect to the gate electrode 21 . On the 
front side of the gate insulating film 50, a first inner- 20 
layer-insulating film 51 is fonned. The source drain- 
regions 22 and 23 are electrically connected to the data 
line "sig" and the potential- holding electrode "st", 
respectively, through contact holes 61 and 62 formed in 
the inner-layer-insulating film. 25 
[0040] In each pixel 7. in parallel with the scanning line 
"gate", the capacitor line "dine" is formed in the same 
inner-layer as the scanning line "gate" and the gate 
electrode 21 (between the gate-insulating film 50 and 
the first inner-layer-insulation film 51). An extension 30 
"sti " of the potential-holding electrode "st" overlays on 
this capacitor line "dine" through the first inner-layer- 
insulation thin film 51. In this way, the capacitor line 
"dine" and the extension "str of the potential holding 
electrode "st" form the holding capacitor "cap" incorpo- 35 
rating the first inner-layer-insulation film 51 as a dielec- 
tric fBm. On the front side of the potential-holding 
electrode "st" and on that of the data line "sig". a second 
inner-layer-insulation thin film 52 is formed. 
[0041] At the position indicated by line B-B' in Fig. 3. 40 
as shown in Fig. 5. two of the data lines "sig", which cor- 
respond to each pixel 7, are arranged in parallel on the 
surfaces of the first and the second inner-layer-insula- 
tion films 51 and 52 formed on the transparent substrate 
10. 45 
[0042] At the position indicated by line C-C in Fig. 3, 
as shown in Fig. 6 (A), a silicon film 300, shaped like 
islands, is formed on the transparent substrate 10 to 
form the second TFT 30, spreading across two pixels, 
which sandwich the comnron power supply line "com* so 
therebetween. The gate insulating film 50 is formed on 
the surface of the silicon film 300. The gate electrodes 
31, corresponding to each pixel 7, are formed on the 
surface of the gate insulating film 50, sandwiching the 
common power supply line "com", and the source-drain 55 
regions 32 and 33 are formed by self-alignment with 
respect to the gate electrodes 31. On the front side of 
the gate insulating film 50, the first inner-layernnsulation 



film 51 is formed. A source drain-region 32 is electrically 
connected to a junction electrode 35 through a contact 
hole 63 formed on the first inner-layer-ir^ulation film 51 . 
On the other hand, the common power supply line 
"com" is electrically connected to a FX)rtion of the 
source-drain region 33. which is common between two 
of tfie pixels provided at the center of the silicon film 
300, through a contact hole 64 of the first inner-layer- 
insulation film 51 . On the surfaces of the common power 
supply line "com" and the junction electrode 35, the sec- 
ond inner-layer-insulation film 52 is formed. On the sur- 
face of the second inner-layer-insulation film 52. a pixel 
electrode 41 is formed that includes an ITO film. This 
pixel electrode 41 is electrically connected to the junc- 
tion electrode 35 through a contact hole 65 formed on 
the second inner-layer-insulation film 52, and then elec- 
trically connected to the source drain region 32 of the 
second TFT 30 through the junction electrode 35. 

(Characteristics of the luminescent element) 

[0043] Since any type of structures of the luminescent 
element 40 can be used in the apparatus of the inven- 
tion, a typical structure will be described below. 
[0044] First, the pixel electrode 41 comprising the ITO 
film constitutes one electrode (the positive electrode) of 
the luminescent element 40, as shown in -ig. 7 (A). On 
the surface of the pixel electrode 41. a hole injection 
layer 42 and an organic semiconductor film 43, as an 
emitting thin film, are laminated. Further, an opposite 
electrode "op" (the negative electrode) comprising a 
metal film, such as a lithium-containing aluminum film or 
a caldum film, is formed on the surface of the organic 
semiconductor film 43. This opposite electrode "op" is to 
be a common electrode formed entirely, or in striped 
patterns, on the transparent substrate 10. and is held at 
a constant potential. In contrast, when the driving cur- 
rent flows in the reverse direction to the luminescent 
element 40 that is shown in Fig. 7 (A), tt.e luminescent 
element 40 may be formed as shown in Fig. 7 (B). In this 
structure, the pixel electrode 41 (the negative electrode) 
comprising the ITO film, the lithium-containing alumi- 
num electrode 45. which is very thin to be almost trans- 
parent, the organic semiconductor layer 43, the hole 
injection layer 42, the ITO film layer 46 and the opposite 
electrode "op" (the positive electrode), comprising a 
metal film such as the aluminum containing lithium film 
or the caldum film, are laminated in this order from bot- 
tom to top layer. In this structure, even in the case that 
the driving cun^ent of opposite polarity flows in each of 
the luminescent elements 40 shown in Rgs. 7 (A) and 
(B). the emitting characteristics of tine elements 40 are 
not changed since the structure of the electrode layers, 
with which the hole injection layer 42 and the organic 
semiconductor layer 43 contact directly, are the same 
structures as the former. Any of the luminescent ele- 
ments 40 shown in Figs. 7 (A) and (B) has the pixel elec- 
trode 41 comprising the ITO film in the under-layer side 
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(the substrate side). Light is emitted from the badcside 
of the transparent substrate 10 through the pixel elec- 
trode 41 and ttie transparent substrate 10, as shown by 
the arrow **hv''. 

[0045] In contrast, when the luminescent element 40 s 
is formed as shown in Figs. 8 (A) and (B). light is emitted 
from the front side of the transparent substrate 10 
through the opposite electrode "op", as shown by the 
arrow "hv". That is, as shown in Fig. 8 (A), tfie organic 
semiconductor layer 43 and the hole injection layer 42 io 
are laminated on the surface of the pixel electrode 41 
(the negative electrode) comprising a metal film, such 
as aluminum containing lithium. Further, the opposite 
electrode "op" comprising the ITO film (the positive elec- 
trode) is formed on the surface of the hole injection layer is 
42. This opposite electrode "op" is also a common elec- 
trode formed entirely, or in striped patterns, and is held 
at a constant potential. In contrast, in order to flow the 
driving current in the reverse direction of the lumines- 
cent element that is shown in Fig. 8 (A), the luminescent 20 
element 40 may be formed as shown In Fig. 8 (B). This 
luminescent element 40 is formed by the pixel electrode 
41 (the positive electrode) comprising the metal thin film 
such as aluminum containing lithium, the ITO film layer 
46, the hole injection layer 42, the organic semiconduc- ss 
tor layer 43, the lithium-containing aluminum electrode 
45, which is very thin to be almost transparent, and the 
opposite electrode "op" (the negative electrode), com- 
prising the ITO film, which are laminated from bottom to 
top in this order. 30 
[0046] When forming any type of structures of the 
luminescent element 40, the manufacturing process is 
not complicated, even if the top-and-bottom positional 
relationship is reversed, provided that the hole injection 
layer 42 and the organic semiconductor layer 43 are 35 
formed inside of a bank layer iDank" by an ink jet 
method as described below. Further, in the case that the 
lithium-containing aluminum electrode 45, which is very 
thin to be almost transparent, and the ITO film layer 46 
are added, there is no obstacle to displaying images. 40 
even if the lithium-containing aluminum electrode 45 is 
laminated in the same region of the pixel electrode 41 or 
if the ITO film 46 is laminated in the same region of the 
opposite electrode "op". Therefore, the lithium-contain- 
ing aluminum electrode 45 and the pixel electrode 41 4s 
can be patterned, either separately or simultaneously, 
using the same resist-mask. similarly, the ITO film layer 
46 and the opposite electrode "op" can be patterned, 
either separately or simultaneously, using the same 
resist-mask. The lithium-containing aluminum electrode so 
45 and the ITO film layer 46 may be formed only at the 
inside region of the bank layer "bank" as a matter of 
course. 

[0047] Further, the opposite electrode "^op" may be 
formed by the ITO film, and the pixel electrode 41 may ss 
be formed by the metal film. In any case, light is emitted 
from the transparent ITO film. 

[0048] The voltage is applied across the opposite 



electrode "op" as the positive electrode, and the pixel 
electrode 41 as the negative electrode, of the lumines- 
cent element 40 formed as described above. As shown 
in Fig. 9 (ampere-volt characteristics of the luminescent 
element 40 shown in Fig. 7 (A) and Fig. 8(B)). and Fig. 
10 (anrpere-volt characteristics of the luminescent ele- 
ment 40 shown in Fig. 7 (8) and Fig. 8(A)). the cun-ent 
through the organic semiconductor layer 43 (the driving 
current) increases suddenly in the region where the 
applied voltage (x-axis/lhe potential of ^e opposite 
electrode "op" to the pixel electrode 41) rises above the 
threshold value and there is "on-state", i.e., the low 
resistance state. Consequently, the luminescent ele- 
ment 40 emits light as tfie electro-luminescence ele- 
ment or as the LED element. This emitting light from the 
luminescent element 40 is reflected by the opposite 
electrode "op" and is emitted through the transparent 
pixel electrode 41 and the transparent substrate 10. In 
contrast, in the region where the applied voltage (x- 
axts/the potential of the opposite electrode "op" to the 
pixel electrode 41) drops below the threshold voltage, 
the "off-state", i.e.. the high resistance state is provided, 
and the cunrent through the organic semiconductor layer 
43 (the driving cun-ent) stops. Consequently the light 
luminescent element 40 is turned "off". The threshold 
voltages in the examples shown in Figs. 9 and 10 are 
approximately +2 V and approximately -2 V, respec- 
tively. 

[0049] Although the light emitting efficiency tends to 
somewhat decline, the hole injection layer 42 nnay be 
omitted. There may be a case that without incorporating 
the hole injection layer 42. an electron injection layer is 
formed at the opposite position to where the hole injec- 
tion layer 42 is formed with respect to the organic semi- 
conductor layer 43. Further, both the hole injection layer 
42 and the electron injection layer may be incorporated. 

(TFT Characteristics) 

[0050] As the TFTs (the first TFT 20 and the second 
TFT 30 shown in Fig. 2) for controlling light emission of 
the luminescent element 40 that is formed as described 
above, the ampere-volt characteristics of N channel 
type and P channel type TFTs are shown in Figs. 1 1 
and 12, respectively (in any of the Figures, examples of 
the drain voltages are 4V and 8V are shown). As under- 
stood by these Figures, the TFT operates "ON-OFF" 
control action depending on the gate voltage applied 
across the gate electrode. That is. when the gate volt- 
age rises over the threshold voltage, the TFT will be in 
"on-state" (the low r^istance state) to Increase the 
drain current. In contrast, when the gate voltage 
decreases below the threshold voltage, the TFT will be 
"off -state" (the high resistance state) to reduce the drain 
current. 
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(A Method of Producing the Display Apparatus) ent conduction type TFT may be formed on the same 

substrate, as will be described later. In this case, in the 

[0051] In a method of producing the display apparatus impurity implantation step, the impurity Innplantation will 

1 that is formed as described above, the steps up to the be performed masking a region to form the opposite 

formation of the first TFT 20 and the second TFT 30 on s conduction type TFT 

the transparent substrate 10 are almost the same as the [0057] Then, as shown in Fig. 1 3 (D). after the inner- 
steps for producing the active matrix substrate of the liq- layer-insulation film 51 is formed, the contact holes 
uld crystal display apparatus 1. Accordingly, a general 61.62.63.64 and 69 are formed, and tiien the data line 
description will be made simply with reference to Fig. "sig". the potential-holding electrode "sf having the 
13- 10 extended portion "str overlapped with the capacitor 
[0052] Fig. 1 3 is a diagrammatic flow sectional view line "dine" and with the extended portion 31 0 of the gate 
illustrating the steps for forming each component of the electrode 31 . the common power supply line "com", and 
display apparatus 1 under a temperature condition the junction electrode 35 are formed. Consequently, the 
below 600 'C. potential-holding electrode "st" is electrically connected 
[0053] As shown in Fig. 1 3 (A), a groundwork protec- is to the gate electrode 31 through the contact hole 69 and 
tlon film (not shown in figure) comprising a silicon oxide the extended portion 310. As mentioned at>ove, the first 
film ranging about 2000 to 5000 A in thickness is TFT 20 and the second TFT 30 are formed. Further, the 
formed, as needed, on the transparent substrate 10 by holding capacitor "cap" is formed by the capacitor line 
a plasma enhanced CVD method utilizing TEOS (tetra- "dine" and the extended portion "sti" of the potential- 
ethoxysilane) or oxygen gas, etc., as a material. Then. 20 holding electrode "st". 

after the substrate temperature is set at 350 «C. a sem- [0058] Next as shown in Fig. 1 3 (E), the second inner- 

iconductor film 100 comprising an amorphous silicon layer-insulation film 52 is formed, and the contact hole 

film ranging about 300 to 700 A thick is formed on the 65 is formed at the place corresponding to the junction 

surface of the groundwork protection film by a plasma electrode 35 in this inner-layer insulation film. Then, 

enhanced CVD method. Next, the semiconductor film 25 after the conductive film is formed all over the surface of 

100 comprising the amorphous silicon film Is subjected the second inner-layer insulation film 52. patterning is 

to crystallization such as laser annealing or a solid- performed, and the pixel electrode 41 is formed elec- 

phase growth method to crystallize the semiconductor trically connect the conductive film to the source-drain 

film 1 00 into a poly-silicon film. The laser annealing uti- region 32 of the secorxJ TFT 30 through the contact hole 

lizes. for example, an excimer laser line beam having a 30 65. 

long side of 400 mm. and its output power is, for exam- [0059] Next as shown in Fig. 13 (F). after a black resist 

pie. 200 mJ/cm^. The line beams are scanned so that layer is formed on the front side of the second inner- 

the line beams overlap with each other at portions cor- layer insulation film 52. a bank layer "bank" is formed, 

responding to 90% of the peak laser power in the short leaving this resist to surround the regions for forming the 

side. 35 organic semiconductor film 43 of the luminescent ele- 

[0054] Then, as shown in Fig. 13 (B). by a patterning. ment 40 and the hole injection layer 42. In either case, 

the semiconductor film 100 Is formed into semiconduc- where the organic semiconductor film 43 is formed in a 

tor films 200. 300. shaped as islands, and on the sur- box shape independently per pixel, or formed In a stripe 

face of them, the gate insulating film 50 comprising a shape along the data line "sig". this produdng process 

silicon oxide film or a silicon nitride film, ranging atwut 40 in accordance with this embodiment can be applied only 

600 to 1500 A in thickness, is formed by a plasma by forming the bank layer "bank" in a shape adapted 

enhanced CVD method utilizing TEOS (tetraethoxysi- thereto. 

lane) or oxygen gas. etc.. as a material. [0060] Uquid material (a precursor), for forming the 
[0055] Next, as shown in Fig.13 (C). after a conductive organic semiconductor film 43. is injected into an inner 
film comprising a metal film, such as aluminum, tanta- 4S region of the bank layer "bank" from an inlqet-head "IJ" 
lum. molybdenum, titanium, tungsten, etc.. is formed by to form the organic semiconductor film 43 in the inner 
a sputtering method, the gate electrodes 21 and 31 , as region of the bank layer "bank". Similariy. liquid material 
portions of the scanning lines "gate", are formed by a (a precursor) for forming the hole injection layer 42 is 
patterning. In this step, the capacitor line "dine* is also injected into an inner region of the bank layer "bank" 
formed. In the figure, reference number 310 indicates so from the inkjet-head "U" to form the hole injection layer 
an extensional part of the gate electrode 31 . 42. As seen from the description presented above con- 
[0056] At this state, by an implantation of impurities. cerning the construction of the luminescent element 
such as high concentration phosphorus ions or boron with reference to Figs. 7 (A) and (B) and Figs. 8 (A) and 
ions. etc.. the source-drain regions 22, 23. 32. and 33 (B). an order of steps to form the organic semiconductor 
are formed by self-alignment with respect to the gate ss film 43 and the hole injection layer 42 may be Inter- 
electrodes 21 and 31 on the silicon films 200 and 300. changeable depending on the structure. 
The portions where the impurity is not implanted are [0061] Since the bank layer "bank" comprises the 
channel regions 27 and 37. In this embodiment, a differ- resist, the layer is water repellent. In contrast, since the 
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precursors of the organic semiconductor film 43 and the 
hole injection layer 42 utilize a hydrophiiic solvent, the 
coating region of the organic semiconductor film 43 is 
strictly defined by the bank layer "bank", and the region 
cannot extend off to an adjacent pixel. When the bank 5 
layer "bank" is formed at a sufficient height, the organic 
semiconductor film 43 or the hole injection layer 42 can 
be formed within a predetermined region by a coating 
method, such as a spin coating method, even if the ink 
jet method is not enployed. ;o 
[0062] In this embodiment, in order to improve the pro- 
duction efficiency in forming the organic semiconductor 
film 43 or the hole injection layer 42 by the ink jet 
method, as shown in Fig. 3, the forming regions of the 
organic semiconductor films 43 have the same inter- is 
center pitch P between adjacent pixels 7 lying along the 
extending direction of the scanning line "gate". There- 
fore, as indicated in the arrow "Q", there is an advan- 
tage that the material of the organic semiconductor film 
43, etc. can be injected by an ink jet head "U" simply 20 
with the same pitch along the extending direction of the 
scanning line "gate". The same pitch injection also sim- 
plifies a device for transferring the Inkjet head "U "while 
facilitating the improvement of injection accuracy. 
[0063] Afterward, as shown in Fig. 13 (G). the oppo- 2S 
site electrode "op" is formed on the front side of the 
transparent substrate 10. The opposite electrode "op" 
may be formed either on the entire surface or in a 
striped shape. In the latter, the patterning will be per- 
formed after the film is formed on the entire front side of 30 
the transparent substrate 10, and then patterning it into 
the striped shape. 

[0064] The TFTs are also formed in the driving circuit 
at the data side 3 or the driving circuit at the scanning 
side 4, as shown in Fig. 1 . This forming process of the 35 
TFTs employs all or a part of the steps for the TFT for- 
mation in the above described pixel 7. Therefore, the 
TFTs of the driving circuit are provided in the same 
inner-layer that the TFTs of the pixel 7 are formed in. 
[0065] In this embodiment, since the bank layer "bank" 40 
comprises a black and insulating resist, the resist is left 
as It is to be utilized as a black matrix "BM" and an insu- 
lating layer for reducing a parasitic capacitance. 
[0066] As shown in Fig. 1, the bank layer "bank" is 
also formed in the peripheral region of the transparent 4S 
substrate 10 (hatched area in the figure). Hence, as the 
driving circuit at the data side 3 as well as the driving cir- 
cuit at the scanning side 4 is overlaid by the bank layer 
"bank", the bank layer "bank" is disposed between the 
wiring layer of the driving circuit and the opposite elec- so 
trode "op", even If the opposite electrode "op" and the 
forming regions of these driving circuits are overlapped . 
Therefore, the prevention of the driving circuits 3,4 from 
the parasitic capacitance can be achieved so as to 
reduce the load of the driving drcuit at the data side 3. ss 
resulting in providing reduced electric consumption or 
speeding up the display operation. 
[0067] In this embodiment, as shown in Figs. 3 



through 5. the bank layer "bank" is formed so as to over- 
lap with the data line "sig". Thus, the bank layer "bank" 
is disposed between the data line "sig" and the opposite 
electrode ''op*', arxi consequently, it is possible to pre- 
vent the parasitic capacitance in the data line "sig". This 
results in the reduction of the load of the driving circuit, 
providing a reduction of the electric consumption or a 
speeding up of the display operation. 
[0068] Further, in this embodiment, as shown in Fig. 
3, Fig. 4 and Fig. 6(A), the bank layer "bank" Is prefera- 
bly also formed In the region where the pixel electrode 
41 and the junction electrode 35 overlap. That is, as 
shown in Fig, 8(B), if the bank layer "bank" is not formed 
at the region where the pixel electrode and the junction 
electrode 35 overlap, even when the organic semicon- 
ductor film 43 emits light by the driving current across 
the pixel elect-ode 51 and the opposite electrode op, the 
light cannot be emitted and does not contribute to the 
display operation. This is because the light gets in 
between the junction electrode 35 and the opposite 
electrode "op". The driving current equivalent to the 
light, that does not contribute to the display operation, 
may be called an ineffective current with respect to dis- 
play. In this embodiment, however, since the bank layer 
"bank" is formed in tiie region where the ineffective cur- 
rent is to flow to prevent the ineffective oirrent. the 
waste current in the common power supply line "com" 
can be prevented. Hence, the width of the common 
power supply line "com" can be reduced accordingly. 
[0069] As discussed above, if the bank layer "bank** 
that includes a black resist is reserved, the bank layer 
"bank" works as a black matrix to improve tiie display 
image quality, such as a luminance and a contrast ratio. 
That is, in the display apparatus according to this 
embodiment, since the opposite electrode "op" is 
formed in a striped shape on tiie entire surface, or on a 
broad region, of the front side of the transparent sub- 
strate 10, reflected light from the opposite electrode 
"op" reduces the contrast ratio. However, In this embod- 
iment, since the bank layer "bank", which prevents the 
parasitic capacitance, includes a black resist, with the 
forming region of the organic semiconductor film 43 
defined, there is an advantage that the bank layer 
"bank", working also as tiie black matrix, blocks useless 
light reflected from the opposite electrode "op", and it 
results In increasing the contrast ratio. Further, since the 
emitting region can be defined by self-alignment utiliz- 
ing the bank layer "t)ank", a margin for alignment 
required for the emitting region is not necessary. This 
margin has been the problem when another metal layer, 
etc.. is used as the black matrix instead of the bank 
layer "bank". 

(Another sb-ucture of the active matrix substrate) 

[0070] The present invention can be applied to various 
types of active matrix substrates as well as the above 
described structure. For example, the irrvention can be 
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applied to the display apparatus 1A. wherein, as 
described in reference to Fig. 31, a unit comprising a 
data line "sig", a common power supply line "com" and 
a line of the pixels 7 is repeated in the direction of the 
scanning line "gate" on a transparent substrate 1 . 5 
[0071] The holding capacitor "cap" may be formed 
between the common power supply line "com" and the 
potential-holding electrode "st" without the capacitor 
line. In this case, as shown in Figs. 14 (A) and (B), an 
extended portion 310 of the gate electrode 31 to con- 10 
nect electrically the potential-holding electrode "st" and 
the gate electrode 31 , is expanded to the under-layer of 
the common power supply line "com" to form the hold- 
ing capacitor "cap". This holding capacitor "cap" has the 
first inner-layer-insulation film 51 which is located is 
between the extended portion 310 and the common 
power supply line "com" for a dielectric film. 
[0072] As for the holding capacitor "cap" further. Fig- 
ure 14 is abbreviated, it may be formed utilizing a poly- 
silicon film for forming the TFT, and it also may be 20 
formed with the ahead scanning line other than the 
capadtor line and the common power supply line. 

[Embodiment 1 for Carrying Out the Invention] 

2S 

[0073] Fig. 1 5 is an equivalent circuit diagram showing 
the pixel structure in the display apparatus 1 in this 
embodiment. Figs. 16 (A) and (B) are a schematic rep- 
resentation showing electrical connections of each ele- 
ment formed in each pixel, and a wave form chart 30 
showing potential changes of driving signals and the 
like respectively 

[0074] In this embodiment, as shown in Rg. 15 and 
Figs. 16 (A) and (B), the first TFT 20 is of an N channel 
type. Accordingly, when the potential of the scanning 35 
signal "S gate" supplied from the scanning line "gate" 
becomes high, the first TFT 20 turns "on", and the 
image signal "data" is written into the holding capacitor 
"cap" from the data line "sig" through the first TFT 20. 
On the other hand, the potential of the scanning signal 40 
"Sgate" supplied from the scanning line "gate" is low, 
the second TFT is driven and controlled by the image 
signal "data" held by the holding capacitor "cap". 
[0075] In this embodiment, the second TFT 30 is also 
of an N channel type. Therefore, from the data line "sig", 45 
the image signal "data" in the higher potential side is 
written into the holding capacitor "cap" of the pixel to be 
"on", while the image signal "data" in the lower potential 
side is written into the holding capacitor "cap" of the 
pixel to be "ofT. The electric potential of the potential- so 
holding electrode "st" varies in response to this. 
[0076] The gate voltage "V gcur" of the second TFT 30 
corresponds to the potential difference between the 
potential-holding electrode "st" and the lower one of the 
common power supply line "com" and the pixel elec- ss 
trode 41. In this embodiment, the potential of the com- 
mon power supply line "com" is maintained lower than 
the potential of the opposite electrode "op" of the lumi- 



nescent element 40, such mat when the second TFT 30 
becomes "on", the current flows from the luminescent 
element 40 to the common power supply line "com", as 
shown by the arrow "F". Therefore, the gate voltage "V 
gcur" of the second TFT 30 corresponds to the potential 
difference between the common power supply line 
"com" and the potential-holding electrode "st". Contra- 
rily to tfie potential of the pixel electrode 41 . which cor- 
responds to an intermediate potential between the 
common power supply line "com" and tfie opposite elec- 
trode "op", the potential of the common power supply 
line "com" can be set low enough. Therefore, in this 
embodiment, the gate voltage "V gcur" of the second 
TFT 30 can be maintained high enough and the "on" 
current of the second TFT 30 flows enough so that a 
display in a high luminance can be performed. If the 
gate voltage "V gcur" of the second TFT 30 can be high 
enough when the pixel is turned "on", the potential of 
the potent-holding electrode "st", i.e., the higher side 
potential of the image signals "data" can be lowered 
correspondingly. Accordingly, the amplitude of the 
image signals "data" can be reduced to decrease the 
driving voltage in the display apparatus 1 . 
[0077] In addition, although the "on" current of the 
second TFT 30 depends not only on the gate voltage "V 
gcur" but also on the drain voltage, the aforementioned 
conclusion does not change. 

[0078] In this embodiment, the "on" current of the sec- 
ond TFT 30 is defined by the potential difference 
between the common power supply line "com" and the 
holding electrode "st". and is not affected by the poten- 
tial of the opposite electrode "op" directly. Therefore, the 
higher side potential of the image signal "data" to turn 
the pixel "on" is lowered below the potential of the oppo- 
site electrode "op" to reduce the amplitude of the image 
signal "data", providing the reduced driving voltage in 
the display apparatus 1 . The higher side potential of the 
image signal "data" to turn the pixel "on" may be low- 
ered to the same potential of the opposite electrode "op" 
to reduce the amplitude of the image signal "data". 
[0079] Further, in tills embodiment, tiie potential of the 
image signal "data", which is supplied from the data line 
"sig" to the pixels to be turned "ofT. is set rather higher 
than the potential of the common power supply line 
"com". Since the second TFT 30 is of an N type, the 
gate voltage "V gcur" of the second TFT 30 is required 
to be negative (a lower potential than the common 
power supply line "com") to make it turn "ofT completely 
Or, the lower side potential of the image signal "data" is 
set rather high such tiiat an absolute value of the gate 
voltage "V gcur" of tiie second TFT 30 becomes rather 
lower than an absolute value of a threshold voltage of 
the second TFT 30. At this time, in the pixel 7 which is in 
"off" state, tiie gate voltage of the second TFT 30 is set 
at the same polarity as the second TFT 30 which is 
turned "on", and is also set lower than tiie tiireshold 
voltage of the second TFT 30. At this time, even if tiie 
lower side potential of the image signal "data" is set 
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rather high as discussed above, the flow of "on" current 
of the second TFT 30. being at the high resistance, is so 
small that the luminescent element 40 is kept "ofT. The 
potential of the Image signal "data" supplied from the 
data line "sig" to the pixel to be "off" may be set the 5 
same as the potential of the common power supply line 
"com" to reduce the amplitude of the image signal 
"data". 

[0080] Thus, when the lower side potential of the 
image signal "data" is set rather high, but in the order of 10 
not exceeding the threshold value, the amplitude of the 
image signal "data" can be reduced so that the driving 
voltage of the image signal "data" can be reduced. Fur- 
ther, as the higher side potential of the image signal 
"data" to turn the pixel "on" has been lowered below the is 
potential of the opposite electrode "op", as mentioned 
above, the potential of the image signal "data" falls 
within the range defined by the opposite electrode "op" 
and the common power supply line "com". Therefore, 
the driving voltage in the display apparatus 1 can be 20 
reduced, and this results in lower electric power con- 
sumption in the display apparatus 1 . This structure does 
not invite deterioration in the image quality, abnormality 
in performance and reduction of frequency enabling 
operation. There is also an advantage that a problem of 25 
withstanding voltage (the insulation resistance), which 
concerns each element formed by a thin film, is not 
encountered because of the reduced driving voltage in 
the display apparatus 1. 

30 

[A modified Embodiment of Embodiment 1] 

[0081 ] Fig. 1 7 is an equivalent circuit diagram showing 
the pixel structure in the display apparatus 1 of this 
embodiment. Rgs. 18 (A) and (B) are a schematic rep- 35 
resentation showing electrical connections of each ele- 
ment formed in each pixel, and a wave form chart 
showing potential changes of the driving signals and 
like, respectively In this embodiment, both the first and 
second TFT are formed with a P channel type, which is 40 
different from Embodiment 1 . In tiiis embodiment, how- 
ever, each element is driven and controlled with the 
same technical idea as Embodiment 1 and the structure 
is same as Embodiment 1. except that the polarities of 
the driving signals described in Embodiment 1 are 45 
reversed. Therefore, the structure will be simply 
described. 

[0082] As shown in Fig. 17 and Rgs. 18 (A) and (B), 
since the first TFT 20 is of a P channel type in this 
embodiment, the first TFT 20 is "on" when the potential so 
of the scanning signal supplied from the scanning line 
"Sgate" becomes low. 

[0083] The second TFT 30 is also of a P channel type 
in this embodiment. Hence, from the data line "sig", the 
image signal "data" at the lower side potential is written ss 
into the holding capacitor "cap" of tiie pixel to be "on" 
state, while the image signal "data" at the higher side 
potential is written into the holding capacitor "cap" of the 



pixel to be "off state. 

[0084] The gate voltage "V gcur" at the second TFT 30 
corresponds to the potential difference between the 
potential-holding electrode "st" and the higher one of 
tfie common power supply line "com" and the pixel elec- 
trode 30. In this embodiment, the potential of the com- 
mon power supply line "com" is maintained higher than 
tiie potential of the opposite electrode "op" of the lumi- 
nescent element 40, such that if the second TFT 30 
becomes "on" state, tiie cun^ent flows from the common 
power supply line "com" to the luminescent element 40, 
as shown by the anrow "E". Therefore, the gate voltage 
"V gcur" of the second TFT 30 corresponds to the 
potential difference between the common power supply 
line "com" and the potential-holding electrode "st". The 
potential of the common power supply line "com" can be 
set high enough, different from the potential of the pixel 
electi-ode 30 which corresponds to an intermediate 
potential between the common power supply line "com" 
and the opposite electrode **op". Therefore, in this 
embodiment, the gate voltage "V gcur" of the second 
TFT 30 can be high enough so that the "on"* current of 
the second TFT 30 is great, enabling a display in a high 
luminance. If the gate voltage "V gcur" of the second 
TFT 30 is high enough when the pixel is turned "on" 
state, the potential of the potential holding electrode 
"St", i.e., the lower side potential of the image signal 
"data" can be raised correspondingly such that the 
amplitude of tiie image signal "data" can be reduced. 
[0085] In this embodiment, since the "on" current of 
tiie second TFT 30 is not affected by the potential of tiie 
opposite electrode "op" directly, the lower side potential 
of tiie image signal "data" to turn tiie pixel "on" is set 
rather higher than the potential of the opposite electrode 
"op" to reduce the amplitude of the image signal "data". 
In addition, the lower side potential of the image signal 
"data" to turn the pixel "on" may be raised to the same 
potential as tiie opposite electrode "op" to reduce the 
amplitude of tiie image signal "data". 
[0086] Further, in tiiis embodiment, the potential of the 
image signal "data" supplied from the data line "sig" to 
the pixel to be turned "off is set rather lower than the 
potential of the common power supply line "com". This 
means that tiie higher side potential of tiie image signal 
"data" is set rather low, such that an absolute value of 
tiie gate voltage "V gcur" of tiie second TFT 30 
becomes rather lower than an absolute value of the 
tiireshold voltage of this TFT Therefore, the "on" current 
of the second TFT 30 becomes so small that the lumi- 
nescent element 40 is turned "ofT. In addition, the 
potential of the image signal "data" supplied from the 
data line "sig" to the pixel to be turned "off may be set 
at the same potential as the potential of the common 
power supply line "com" to reduce tiie amplitude of the 
image signal "data". 

[0087] Thus, since the lower side potential of the 
image signal "data" is set rather high, and the higher 
side potential of the image signal "data" to turn the pixel 
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''on" is set rather low. the potential of the image signal 
"data' falls within the range defined by the opposite 
electrode "op** and the colon power supply line "com". 
Therefore, it is possible to obtain the same effects as 
Embodiment 1. such that the driving voltage in the dis- 5 
play apparatus 1 can be reduced, enabling the electric 
power consumption to be reduced in the display appara- 
tus 1 . and so on. 

[Embodiment 2 for Carrying Out the Invention] 10 

[0088] Fig. 1 9 is an equivalent circuit diagram showing 
the pixel structure in the display apparatus 1 of this 
embodiment. Figs. 20 (A) and (B) are a schematic rep- 
reserrtation showing electrical connections of each ele- is 
ment formed in each pixel, and a wave form chart 
showing potential changes in the driving signal and the 
like, respectively. In this embodiment, as shown in Fig. 
19 and Figs. 20 (A) and (B), the first TFT is formed with 
an N channel type and the second TFT is formed with a 20 
P channel type. Since the second TFT 20 is of a P chan- 
nel type, from the data line "sig", the image signal "data" 
in the lower potential side is written into the holding 
capacitor "cap" of the pixel to be turned "on". The image 
signal "data" in the higher potential side is written Into 25 
the holding capacitor "cap" of the pixel to be turned "off". 
The gate voltage "V gcur" of the second TFT 30 corre- 
sponds to the potential difference between tine poten- 
tial-holding electrode "st" and the higher one of the 
common power supply line "com" and the pixel elec- 30 
trode41. 

[0089] In this embodiment, the potential of the com- 
mon power supply line "com" is set higher than the 
potential of the opposite electrode "op" of the lumines- 
cent element 40, such that the gate voltage "V gcur" of 35 
the second TFT 30 corresponds to the potential differ- 
ence between the common power supply line "com" and 
the potential-holding electi-ode "st". The potential of the 
common power supply line "com" can be set higher 
enough compared with the potential of the pixel elec- 40 
trode 41. such tiiat the "on" current of the second TFT 
30 flows enough to achieve the display in a high lumi- 
nance. And correspondingly, as the potential of the 
potential-holding electrode "st"*, i.e.. the lower side 
potential of the image signal "data" can be raised, the 45 
amplitijde of the image signal "data" can be reduced. In 
addition, as the "on" current of the second TFT 30 is not 
affected by the potential of the opposite electrode "op" 
directly, the lower side potential of the image signal 
"data" to turn the pixel "on" is raised higher than, or so 
equal to, the potential of the opposite elecb-ode "op" to 
reduce the amplitude of the image signal "data". Fur- 
ther, in this embodiment, the potential of the image sig- 
nal "data" supplied from the data line "sig" to the pixel to 
be turned "off" is set ratiier lower than, or equal to. the 55 
potential of the common power supply line "com* to 
reduce the amplitude of the image signal "data". There- 
fore the potential of the image signal "data" falls within 



the range defined by tiie opposite electrode "op" and 
the common power supply line "com", and as a result 
the driving voltage in the display apparatus 1 is reduced. 
This results in lower power consumption, etc., in the dis- 
play apparatus 1 the same as Embodiment 1 or modi- 
fied Embodiment 1 . 

[0090] In this embodiment, since tiie first TFT 20 is of 
an N diannel type, which is the oppx^site conductivity of 
the second TFT 30, the scanning line "gate" (the scan- 
ning signal "Sgate"). at the time of selecting the pixel, is 
at tiie higher potential. The gate voltage "Vgsw" of the 
first TFT 20 at this time corresponds to the potential dif- 
ference between ttie scanning signal "Sgate" at the 
higher potential and the potential -holding electrode (the 
potential of the holding capacitor "st", the potential of 
the gate electrode of the second TFT 30). Since the 
second TFT 30 is of a P channel type, the image signal 
"data" to turn the pixel "on" is at tiie lower potential side 
and the potential of tiie potential-holding electrode "st" 
is decreasing during tiie selecting period of the pixel 7. 
Therefore, the gate voltage "Vgsw" of the first TFT 20 
shifts, toward increasing the "on" current. 
[0091] On the other hand, tiie gate voltage "Vgcur" of 
the second TFT 30 corresponds to the potential differ- 
ence between the common power supply line "com" and 
the potential-holding electrode "st". As tiie potential of 
the potential-holding electrode "st" tends to decrease 
during the selecting period when tiie selected pixel 7 is 
turned "on", tiie gate voltage "Vgcur" of tiie second TFT 
30 shifts toward increasing the "on" current. 
[0092] As mentioned above, in this embodiment, since 
the first TFT 20 is the opposite conduction type to the 
second TFT 30, the selecting pulse-height of the scan- 
ning signal "Sgate" is raised to increase a writing capac- 
ity of the first TFT 20, while the image signal "data" is 
decreased in order to reduce the "on" resistance of tiie 
second TFT 30, so as to increase a luminance of the 
luminescent element 40. These optimizations of select- 
ing pulse-height of the scanning signal "Sgate" and tiie 
image signal "data" are effective at shifting the gate volt- 
age of tfie first TFT 20 toward increasing tiie "on" cur- 
rent of the first TFT 20, in accordance with the image 
signals "data", which are at the level to turn the lumines- 
cent element 40 "on", are written into the holding capac- 
itor "cap" during the selecting period of tiie pixel 7. 
Therefore, the image signal "data" from the data line 
"sig" is smoothly written into the holding capacitor "cap** 
through tiie first TFT 20. The gate voltage "Vgsw" of the 
first TFT 20 at the time of selecting the pixel element 7 
corresponds to the potential difference between the 
scanning signal "Sgate" at tiie higher potential and the 
potential-holding electrode "st" (the potential of the 
holding capacitor "cap" or the potential of tiie gate elec- 
fode of the second TFT 30). The gate voltage "Vgcur" 
of the second TFT 30 corresponds to tiie potential dif- 
ference between the common power supply line "com" 
and tiie potential-holding electrode "st". The potential of 
tiie scanning signal "Sgate" at the higher side and the 



BNSDOCIO: <EP 089521 eA1J_> 



14 



27 



EP 0 895 219 A1 



28 



potential of the common power supply line "com" are 
the same in polarity when i^ing the potential of the 
potential-holding electrode "st" as a reference. Accord- 
ingly, if the potential of the potential-holding electrode 
"St" is changed, both the gate voltage "Vgsw" of the first 5 
TFT 20 and the "Vgcur" of the second TFT 30 corre- 
spondingly shift by the same amount in the same direc- 
tion. Therefore, if the potential of the image signal "data" 
to turn "on" is changed toward reducing the "on" resist- 
ance of the first TFT 20 within the range of the driving 10 
voltage of the display apparatus 1 , the higher display 
operation speed can be offeraJ. At tiiis time, since the 
potential of the image signal "data" to turn "on" is 
changed in the direction that the "on** resistance of the 
second TFT 30 is decreasing as a result, the luminance 15 
can be improved as well. This provides reduced driving 
voltage and improved quafity of the display, simultane- 
ously. 

[A modified Embodiment of Embodiment 2] 20 

[0093] Fig. 21 is an equivalent circuit diagram showing 
the pixel structure in the display apparatus 1 of this 
embodiment. Figs. 22 (A) and (B) are a schematic rep- 
resentation showing electrical connections of each ele- 2S 
ment formed In each pixel, and a wave form chart 
showing potential changes of the driving signal, and the 
like, respectively. In this embodiment, in contrast with 
Embodiment 2 , the first TFT 20 is formed with a P chan- 
nel type and the secord TFT 30 is formed with an N 30 
channel type. However, in this embodiment, each ele- 
ment is driven and controlled with the same technical 
idea as Embodiment 2, except that the polarity of the 
driving signal described in Embodiment 2 is inverted. 
Accordingly, the structure will be simply described. 35 
[0094] As shown in Fig. 21 and Figs. 22 (A) and (B), 
as in this embodiment, the second TFT 30 is of an N 
channel type like in Emlx)diment 1. From the data line 
"sig". the image signal "data" In the higher potential side 
is written into the holding capacitor "cap" of the pixel to 40 
be turned "on", while the image signal "data" in the 
lower potential side is written into the holding capacitor 
"cap" of the pixel to be turned "off". The gate voltage "V 
gcur" of the second TFT 30 corresponds to the potential 
difference between the potential-holding electrode "sf 45 
and the lower one of the common power supply line 
"com" and the pixel electrode 41. In this embodiment, 
since the potential of the common power supply line 
"com" is set lower than that of the opposite electrode 
"op" of the luminescent element 40, the gate voltage "V so 
gcur** of the second TFT 30 corresponds to the potential 
difference between the common power supply line 
"com" and the potential-holding electrode "st". The 
potential of the common power supply line "com" can be 
set low enough that the "on" current of the second TFT ss 
30 flows enough to achieve the display in a high lumi- 
nance. The potential of the potential-holcfing electrode 
"st". i.e., the higher side potential of the image signal 



"data" can be rais^ by the Increment of the luminance 
to reduce the amplitude of the image signal "data". And. 
since the "on" current of the second TFT 30 is not 
affected by the potential of the opposite electrode "op" 
directly, the higher side potential of the image signal 
"data" to turn the pixel "on" is set lower than, or equal to, 
that of the opposite electrode "op" so as to reduce the 
amplitude of the image signal "data". Further, in this 
embodiment, the potential of the image signal "data" 
supplied from the data line "sig" to the pixel to be "off" is 
set rather higher than, or equal to, that of the common 
power supply line "com" to reduce the amplitude of the 
image signal "data". Therefore, the potential of the 
image signal "data" falls within the range defined by the 
opposite electrode "op" and the common power supply 
line "com" to reduce the driving voltage in the display 
apparatus 1. This results in reducing the power con- 
sumption, etc., in the cfisplay apparatus 1 . just as effec- 
tively as Embodiment 1 or modified Embodiment 1. 
[0095] In this embodiment, as the first TFT 20 is of a 
P channel type, which is the opposite conductivity to the 
second TFT 30, the scanning line "gate" (the scanning 
signal "Sgate") , at the time of selecting the pixel, is at 
the lower potential. In contrast, as the second TFT 30 is 
of an N channel type, the image signal "data" to turn tfie 
pixel "on" is at the higher potential side. 
[0096] As mentioned above, in this embodiment, since 
the first TFT 20 is of an opposite conductivity type to the 
second TFT 30. the potential of the selecting pulse of 
the scanning signal "Sgate" is set lower to increase the 
writing capacity of the first TFT 20. The potential of the 
image signal "data" is decreased to increase a lumi- 
nance of the luminescent element 40 by reducing the 
"on" resistance of the second TFT 30. These optimiza- 
tions, of the selecting pulse-height of the scanning sig- 
nal "Sgate" and of the image signal "data", are effective 
at shifting the gate voltage of the TFT 20 toward 
increasing the "on" current of the first TFT 20, in accord- 
ance with the image signals "data" at the level to turn 
"on" the luminescent element 40 are writing into the 
holding capacitor "cap", during the period of selecting 
the pixel 7. Accordingly, since the potential of the scan- 
ning signal "Sgate" at the lower side and the potential of 
the common power supply line "com" are the same in 
polarity when using the potential of ttie potential-holding 
electrode "st" as a reference, if the potential of the 
potential-holding electrode "st" is changed, the gate 
voltage "Vgsw" of the first TFT 20 and tfie gate voltage 
"Vgcur" of tine second TFT 30 correspondingly shift by 
the same amount and in tiie same direction. Therefore, 
if the potential of the image signal "data" to turn "on" is 
changed toward reducing the "on" resistance of the first 
TFT 20 within the range of the driving voltage of the dis- 
play apparatus 1 . the display operation speed can be 
increase. Since the potential of the image signal "data" 
to turn "on" is changed toward reducing tiie "on" resist- 
ance of the second TFT 30 at the same time, a lumi- 
nance can also be improved. This reduces driving 



15 



BNSDOCfE> <EP 0fl952l9Al I > 



29 



EP0 895 219 A1 



30 



voltage and improves the quality of the display simulta- 
neously, just as in Embodiment 2. An optimized driving 
method in the above described Embodiment 2 and 
modified Embodiment 2 will be described with reference 
to Fig. 25. 5 
[0097] In Embodiment 2, the first TFT is of an N chan- 
nel type and the second TFT is of a P channel type. As 
shown in Fig. 25, when the luminescent element 40 is 
turned "off, the potential of the image signal "data" is 
raised higher than the potential of the common power io 
supply line "com" to turn "ofT the P channel type second 
TFT 30. However, in this emtxxJiment. even when the 
luminescent element 40 is turned "ofT. the second TFT 
30 is not completely tumed "off"» as shown in Fig. 25. 
That is, since the second TFT is of a P channel type in is 
this embodiment, in order to turn "off" the TFT com- 
pletely, the gate voltage "Vgcur" is required to be 0 (the 
same potential as the potential of the common power 
supply line "com") or positive (higher than the common 
power supply line "com"). However, in this embodiment. 20 
the potential of the image signal "data" when the lumi- 
nescent element is turned "off" is set rather lower so 
that the gate voltage "Vgcur" of the second TFT 30 
becomes rather higher than the threshold voltage 
"Vthp(cur)" of the TFT Therefore, in the pixel 7 at the 25 
"off" state, the gate voltage applied across the second 
TFT 30 is the same in polarity as the second TFT 30 at 
the "on" state and is higher than the threshold voltage 
"Vthp(cur)" of the second TFT 30. For exanple. when 
the threshold voltage "Vthp(cur)" of the second TFT 30 30 
is -4 V, the gate voltage applied across the second TFT 
30 at the "off" state is set at -3 V. 
[0098] In the case that the first TFT is of an N type and 
the second TFT is of a P type, if the potential of the 
image signal "data" at the "off" state is set rather lower 35 
than the conventional value, it is possible to reduce the 
voltage of the image signal "data" and increase the fre- 
quency because the amplitude of the image signal 
"data" can be reduced. Even when the potential of the 
image signal "data" at the "off" state is set rather low. the 4o 
current at the "put-off" state is very small because in the 
P channel type second TFT 30, the potential is rather 
higher than the threshold voltage "Vthp(cur)". If the volt- 
age applied across the luminescent element 40 is low 
enough, the driving current flowing into the element is 45 
very small. Accordingly, there are substantially no prob- 
lems in turning "ofT the luminescent element 40. 
[0099] In this embodiment, if the potential of the image 
signal "data" at the "ofT state is not required to be 
higher than the potential of the common power supply 50 
line "com", the potential of the common power supply 
line "com" can be set rather high. Thus, in this embodi- 
ment, the potential of the common power supply line 
"com" is set the same as the scanning signal "Sgate" to 
turn the first TFT "on". Therefore, the signal level, which 55 
is used as the higher potential of the scanning signal 
"Sgate" in the driving drcuit at the scanning side, can be 
supplied, as it Is, to the common power supply line 



"com". Thus, the number of the driving signal levels in 
use in the display apparatus 1 of this embodiment can 
be reduced to decrease tiie number of terminals to be 
input the driving signal in the display apparatus 1. Fur- 
ther, the number of power supplies can also be reduced 
to decrease the power consumption and reduce the 
space required. 

[01 00] In this case, since the first TFT 20 is of an N 
channel type and the second TFT 30 is of a P channel 
type, the potential of the gate electrode applied across 
the second TFT 30 of the pixel 7 at "off" state is set 
lower than the potential obtained by subtracting tfie 
threshold voltage "Vthn(sw)" at the first TFT 20 from the 
potential of the scanning signal "gate" to turn the first 
TFT 20 "on" state. That is, it \a preferable that an abso- 
lute value of the potential difference "Voff" between the 
image signal "data" at turning the pixel 7 "off" state (the 
potential of the potential-holding electrode "st") and the 
common power supply line "com" is to be set higher 
than the threshold voltage "Vthn(sw)" of the first TFT 20. 
as shown in a formula below, to prevent troubles in the 
writing operation for the first TFT 20 when selecting the 
pixel 7. 

Vthn(sw) < I Voff I 

[0101] In the case of the nxxlified Embodiment 2 
where tiie first TFT 20 is of a P channel type and the 
second TFT 30 is of an N channel type, as will be 
described later with reference to Fig. 26 and Figs. 27 (A) 
and (B). the polarities of voltages applied across the first 
TFT 20 and tiie second TFT 30 are inverted by inter- 
changing tiie relative values of each signal described in 
Embodiment 2. In this case, if the second TFT 30 is not 
completely turned "ofT to turn "off" the luminescent ele- 
ment 40, the reduction of voltage and the increase of 
frequency of the image signal "data" can be achieved 
the same as Embodiment 2. If the potential of the com- 
mon power supply line "com" is set equal to the scan- 
ning signal "Sgate" to turn the first TFT 20 "on" state, 
the number of power supplies can be reduced. In this 
case, in order to avoid troubles in the writing operation 
of the first TFT 20 when selecting the pixel 7, the poten- 
tial of the gate electrode applied across the second TFT 
30 of the pixel 7 at "off" state is set higher than the 
potential obtained by addition of the potential of the 
scanning signal "Sgate" to turn the first TFT 20 "on" 
state to the threshold voltage "Vthn(sw)" of the first TFT 
20. 

[EmtKxliment 3 for Carrying Out the Invention] 

[0102] As shown in the Fig. 23 illustrating an equiva- 
lent circuit diagram, this emtxxJiment is an example of 
structures where the first TFT 20 is of an N channel type 
and the second TFT 30 is of a P channel type in any 
pixel 7 the same as Embodiment 2. In the display appa- 
ratus 1 according to this embodiment, the potential of 
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the common power supply line "com" is set higher than 
the potential of the opposite electrode ""op" of the lumi- 
nescent element 40 because the second TFT 30 is of a 
P channel type. When the second TFT 30 is turned "on", 
the current flows from the common power supply line 5 
"com" to the luminescent element 40. as illustrated by 
the arrow "E". Since this embodiment is similar to 
Embodiment 2. only the differences wit! be described, 
and the things in common will be omitted. This embodi- 
ment is different from Embodiment 2 in that the holding w 
capacitor "cap" is omitted By this structure, the potential 
changes of the potential-holding electrode "st" can 
become larger. 

101 03] In the case where the first TFT 20 is of a P 
channel type and the second TFT 30 is of an N channel is 
type, as will be described later with reference to Fig. 26 
and Figs. 27 (A) and (B). the polarities of voltages 
applied to the first TFT 20 and the second TFT 30 are 
inverted by interchanging the relative values of each 
signal desaibed in that embodiment. Also, in this case. 20 
the potential of the selecting pulse of the scanning sig- 
nal is set lower to increase a writing capacity of the first 
TFT 20. The potential of the image signal is raised to 
raise an emitting luminance by reducing the "on* resist- 
ance of the second TFT 30. 25 

^ A rnodif ied Embodiment 3] 

[0104] In Embodiment 3 described above, the first 
TFT 20 is of an N channel type and the second TFT 30 30 
is of a P channel type in any pixel 7 . however a struc- 
ture where the first TFT 20 is of a P channel type and 
the second TFT 30 is of an N channel type may also be 
possible, as shown in the Fig. 26 illustrating an equiva- 
lent circuit diagram. In the exemplary structure shown in 35 
the figure, the potential of the common power supply 
line "com" is set lower than the potential of the opposite 
electrode "op" of the luminescent element 40, such that 
when the second TFT 30 is turned "on" . the current 
flows from the opposite electrode "op" of the lumines- 40 
cent element 40 to the common power supply line "com" 
as illustrated by the arrow "F". 

[01 05] In this structure of the pixel 7. as shown In Figs. 
27 (A) and (B). the polarity of each driving signal, which 
has the wave-shapes shown in Rg. 24 (A), is inverted. 4s 
[0106] In Embodiment 3, where the first TFT 20 is of 
an N channel type and the second TFT 30 is of a P 
channel type, the potential of the common power supply 
line "com" may be set lower than the potential of the 
opposite electrode "op" of the luminescent element 40. so 
such that the current flows from the opposite electrode 
"op" of the luminescent element 40 to the common 
power supply line "com" when the second TFT 30 is 
turned "on". Even in this structure, the advantages, 
which are obtained by forming the first TFT 20 and the ss 
second TFT 30 to have an opposite conductivity, are 
also obtained. In contrast to this situation, namely, when 
the first TFT 20 is of a P channel type and the second 



TFT 30 is of an N channel type, the potential of the com- 
mon power supply line "com" may be set higher than tfie 
opposite electrode "op" of the luminescent element 40, 
such that the current flows from the common power 
supply line "com" to the luminescent element 40 when 
the second TFT 30 is turned "on", and the advantages 
obtained by the opposite conductivity of the first TFT 20 
ard second TFT 30 are also obtained. 

[Embodiment 4 for Carrying Out the Invention] 

[0107] In any of Embodiments 1. 2 and 3. as will be 
described with reference to Figs. 28 (A) and (B). it may 
be formed such that a pulse is supplied to one of elec- 
trodes of the holding capacitor "cap". The electrode 
receiving the pulse is opposite to the other, which is 
electrically connected to the gate electrode of the sec- 
orxJ TFT 30. The potential of this pulse is opposite to the 
selecting pulse of the scanning signal "gate", and the 
pulse is supplied to the electrode with a delay behind 
the selecting pulse. 

[01 08] In this example, as shown in Fig. 28 (A), one of 
the electrodes of the holding capacitor "cap", which is 
opposite to the one which is electrically connected to 
the gate electrode of the second TFT 30 through the 
potential-holding electrode "st". is formed by tfie capac- 
itor line "dine", which is extended in parallel with the 
scanning line "gate". 

[0109] As shown in Fig. 28 (B), this capacitor line 
"dine" is formed such that the potential "stg" is supplied 
to the capacitor line "dine" with a delay behind the 
selecting pulse "Pgate" of the scanning signal "Sgate". 
The potential "stg" supplied to the capacitor line "dine" 
includes the pulse signal "Pstg", and the pdarity of 
which is opposite to the polarity of the selecting pulse. 
[0110] After the selecting pulse becomes non-selec- 
tive, the pulse signal "Pstg" shifts the potential of the 
image signal "data" utilizing a capacitive coupling of the 
holding capadtor "cap". Therefore, signals are held in 
the holding capacitor "cap" at the "off-state" pixel 7, cor- 
responding to the potential obtained by adding the 
potential of the pulse signal "Pstg" to the potential of the 
image signal "data". Due to the high "on" resistance of 
the first TFT 20. it is difficult to completely write the sig- 
nals in the higher potential side of the image signals 
"data" within a limited time. In the case of the example, 
a shortage of the writing capacity results in no emitting 
of the pixel. However, in accordance with Embodiment 
4, it is possible to supplement the writing of the image 
signal "data" to the holding capadtor "cap", even though 
the maximum range of the potential in the driving signal 
is not expanded. 

[0111] When the pulse signal "Pstg" is stored in the 
capacitor line "dine", as shown in Fig. 29. the "dine" is 
extracted from the driving circxiit 4 in the scanning side. 
At the same time, in the driving drcuit 4 of the scanning 
side, the output signal from a shift resistor 401 is output- 
ted to any of gate stages, as the scanning signal 



17 

BNSDOCID: <EP f^5219A1 I > 



33 



EP0 895 219 A1 



34 



"Sgate". through NAND gale circuit and an inverter. On 
the other hand, the output signal from the shift resistor 
401 is outputted to the capacitor line "dine", through the 
NAND gate circuit and the two staged inverter, with a 
delay behind the scanning signal, shifting the power 
level in the higher potential side from -Vddy" to "Vccy". 
as shown in Fig. 30. 

[01 1 2] In the above mentioned embodiments and their 
modified embodiments, concerning the case that the 
holding capacity is added, the type of luminescent ele- 
ment having the capacitor line "cline" was described. 
However, since this embodiment is not limited to this 
structure having the capacitor line "dine", It is also pos- 
sible to form one of the electrodes of the holding capac- 
itor by the adjacent gate line. As an example of these 
structures. Figs. 34 (A) and (B) illustrate a circuit block 
diagram and a voltage waveform chart of the gate elec- 
trode in the direction of the scanning of the gate line 
respectively There is an advantage that it Is possible to 
avoid taking the trouble to form the capacitor line "dine", 
by forming the gate line, which is adjacent to the pixels, 
as the one of the electrodes of the holding capacitor. 

[Other Embodiments for Carrying Out the Invention] 

[01 1 3] In any of the aforementioned embodiments, a 
region in the ampere-volt characteristic where the sec- 
ond TFT 30 is operated has not been described. If the 
second TFT 30 Is operated at the saturated region, it is 
possible to prevent an abnormal current flow in the lumi- 
nescent element 40, utilizing a weak constant-current 
characteristic. For example, the organic semiconductor 
film, etc., forming the luminescent element 40 can pos- 
sibly have pinhole defects, even though this does not 
cause a complete short circuit across the electrodes of 
the luminescent element 40. due to the restricted cur- 
rent in the luminescent element with the defect. 
[0114] If the second TFT 30 Is operated at the linear 
region, it Is possible to prevent the display operation 
from being affected by unevenness of the threshold volt- 
age. 

[01 1 5] In addition, the TFT may be formed in a bottom 
gate type as well as in a top gate type, and the produc- 
tion method Is not limited to a low temperature process 
in produdng the TFT. 

Industrial Aoplicabllitv 

[01 1 6] In tiie display apparatus in accordance with the 
claims 1 to 7 of the present invention, as described 
above, the gate voltage of the second TFT at the time of 
the "on" corresponds to the difference between the 
potential of the gate electrode (the potential of the 
image signal), and one of the potential of the common 
power supply line and the potential of the pixel elec- 
trode. Therefore the display apparatus is formed such 
that the relative potential values of the common power 
supply line and the potential -holding electrode are set 



d^ending on the conduction type of the second TFT, 
and such that the gate voltage of tfie second TFT conre- 
sponds to the difference between the potential of the 
common power supply line and the potential of the 

5 potential-holding electi'ode. 

[01 1 7] For example, if the second TFT is of an N chan- 
nel type, the potential of the common power supply line 
is set lower than that of the opposite electrode of the 
luminescent element. Since this potential of the com- 

10 mon power supply line can be set low enough, different 
from the potential of the pixel electrode, the large "on" 
current in the second TFT and a high-luminance display 
can be obtained. When the pixel is turned "on", if tiie 
high gate voltage of tiie second TFT can be obtained. 

15 the potential of the image signal at tiie time can be 
reduced correspondingly. Thus, the amplitude of the 
image signal can be reduced to lower the driving volt- 
age in the display apparatus. Therefore, there is an 
advantage that the problem of withstanding voltage. 

20 which concerns each element formed by a film. Is not 
encountered in conjunction with the power consumption 
being reduced. 

[01 18] In the display apparatijs in accordance with the 
Claims 7 to 11 of the present invention, since the first 

25 TFT arxJ the second TFT are formed of the opposite 
conduction types, the pulse of tiie scanning signal to 
select the pixel is of opposite polarity to the potential of 
tiie Image signal to turn "on" tfie luminescent element. 
When using the potential of tiie potential -holding elec- 

30 trode at the time of ttie "on" (tiie potential of the Image 
signal to turn "on") as a reference, tiie potential corre- 
sponding to the higher potential of the scanning signal 
and the potential of the colon power supply line are the 
same in their polarity. Therefore, if tiie potential of the 

35 potential-holding electrode at the time of "on" (tiie 
potential of the image signal to turn "on") is changed, 
both of the gate voltage of the first TFT and tiiat of tiie 
second TFT change correspondingly, in the same direc- 
tion and by the same amount. Accordingly, if the poten- 

40 tial of tiie image signal to turn "on" is shifted to the 
direction for reducing tiie resistance of the first TFT at 
the time of the "on", witiiin the driving voltage range of 
the display apparatus, higher speed operation of the 
display can be offered. Since, at the same time, it 

45 means that the potential of the image signal to turn "on" 
is shifted to the direction for redudng tiie resistance of 
the first TFT at tiie "on", as a result, a luminance in the 
display can be Improved in conjunction with the above 
described advantages. Thus, the reduced driving volt- 

50 age and the Improved quality of tiie display can be 
accomplished, simultaneously 

(01 1 9] Further, in tiie display apparatus in accordance 
with tiie Claim 11 or 12 of the present invention, one of 
the holding capacitor electrodes, which Is opposite to 
55 tiie one that is electrically connected to the second gate 
electrode of ttie second TFT. is supplied with a pulse 
having a potential polarity opposite to the selecting 
pulse of the scanning signal, with a delay behind tiie 
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selecting pulse. Therefore, the wrrtrng of the image sig- 
nal into the holding capacitor can be supplemented. 
Thus, the potential of the image signal applied to the 
gate electrode of the second TFT can be shifted to the 
direction of a higher luminance without increasing the 5 
amplitude of the image signal. 

Claims 

1 . A display apparatus comprising, arranged on a sub- 10 
strate. a plurality of scanning lines, a plurality of 
data lines intersecting said plural scanning lines, a 
plurality of common power supply lines, a plurality 

of pixels formed by said scanning lines and said 
data lines in a matrix form, each of said pixels com- is 
prising a first thin film transistor having a first gate 
electrode which is supplied with a scanning signal 
through one of said scanning lines, a holding 
capacitor which holds an image signal supplied 
through one of said data lines via said first thin film 20 
transistor, a second thin film transistor having a 
second gate electrode which is supplied with said 
image signal held by said holding capacitor, and an 
luminescent element which is provided between a 
pixel electrode formed each by each of said pixels. 25 
and an opposite electrode opposed to said pixel 
elpctrode and emits light due to the driving current 
which flows between said pixel electrode and said 
opposite electrode when said pixel electrode is 
electrically connected to a common power supply 30 
line through said second thin film transistor. 

wherein said second thin film transistor is of 
N channel type, and the potential of said common 
power supply line is set at a lower level than that of 
said opposite electrode. 35 

2. A display apparatus comprising, arranged on a sub- 
strate, a plurality of scanning lines, a plurality of 
data lines intersecting said scanning lines, a plural- 
ity of common power supply lines, and a plurality of 40 
pixels formed in matrix form by said scanning lines 
and said data lines, each of said pixels comprising 

a first thin film transistor having a first gate elec- 
trode which is supplied with a scanning signal 
through one of said scanning lines, a holding 45 
capacitor which holds an image signal supplied 
through one of said data lines through said first thin 
film transistor, a second thin film transistor having a 
second gate electrode which is supplied with said 
image signal held by said holding capacitor, and an so 
luminescent element having an emitting thin film 
which is provided between a pixel electrode formed 
by each of said pixels and an opposite electrode 
opposed to said pixel electrode and emits light due 
to the driving current which flows between said ss 
pixel electrode and said opposite electrode when 
said pixel electrode is electrically connected to a 
common power supply line through said second 



thin film transistor, 

wherein said second thin film transistor is of 
P channel type, and the potential of said common 
power supply line is set at a higher level than that of 
said opposite electrode. 

3. The display apparatus as claimed in daim 1 . 

wherein the potential of said image signal 
supplied through said data line to said pixel to be 
put in the "on" state is lower than or is equal to the 
potential of said opposite electrode. 

4. The display apparatus as claimed in daim 2, 

wherein the potential of said image signal 
supplied through said data line to said pixel to be 
put in the "on" state is higher than or is equal to the 
potential of said opposite electrode. 

5. The display apparatus as claimed in claim 1 or 
daim 3. 

wherein the potential of said image signal 
supplied through said data line to said pixel to be 
put in the "ofT state is higher than or is equal to the 
potential of said common power supply line. 

6. A display apparatus as claimed in claim 2 or daim 
4, 

wherein the potential of said image signal 
supplied through said data line to said pixel to be 
put in the "ofT state is lower than or is equal to the 
potential of said common power supply line. 

7. The display apparatus as claimed in any of claims 1 
to 6. 

wherein said first thin film transistor and said 
second thin film transistor are formed as thin film 
transistors which are of opposite conduction types. 

8. A display apparatus comprising, arranged on a sub- 
strate, a plurality of scanning lines, a plurality of 
data lines intersecting said scanning lines, a plural- 
ity of common power supply lines, a plurality of pix- 
els formed by said scanning lines and said data 
lines in a matrix form, each of said pixels compris- 
ing a first thin film transistor having a first gate elec- 
trode which is supplied with a scanning signal 
through one of said scanning tines, a holding 
capacitor which holds an image signal supplied 
through one of said data lines via the first thin film 
transistor, a second thin film transistor having a 
second gate electrode which is supplied with said 
image signal held by said holding capacitor, and an 
luminescent element having an emitting thin film 
which is provided between a pixel electrode formed 
by each of said pixels and an opposite electrode 
opposed to said pixel electrode and emits light due 
to the driving current which flows between said 
pixel electrode and said opposite electrode when 
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said pixel electrcxie is electrically connected to said 
common power supply line through said second 
thin film transistor. 

wherein said first thin film transistor and said 
second thin film transistor are formed as thin film 5 
transistors which are of opposite conduction types 
to each other. 

9. A display apparatus as claimed in claim 8. 

wherein a polarity of the gate voltage applied 10 
to said second thin film transistor contained in the 
"off" state pixels is the same as the polarity of the 
potential of said second thin film transistor which is 
in the "on" state, and also the value of said gate 
voltage does not exceed a threshold voltage of said is 
second thin film transistor. 

10. The display apparatus as claimed in claim 9. 

wherein said first thin film transistor is of N 
channel type and said second thin film transistor is 20 
of P channel type, 

the potential of said scanning signal to put 
said first thin film transistor in the "on** state is the 
same as the potential of said common power sup- 
ply line, and gs 

the potential of the gate electrode to be 
applied to said second thin film transistor of the 
pixel in the "ofT state is lower than the potential 
which is obtained by subtracting a threshold voltage 
of said first thin film transistor from the potential of 30 
the scanning signal to put said first thin film transis- 
tor in the "on" state. 

11. The display apparatus as claimed in claim 9, 

wherein said first thin film transistor is of P 35 
channel type and said second thin film transistor is 
of N channel type. 

the potential of said scanning signal to put 
said first thin film transistor in the "on" state is the 
same as the potential of said common power sup- 40 
ply line, and 

the potential of said gate electrode to be 
applied to said second thin film fansistor of the 
pixel in the "off" state is higher than the potential 
which is obtained by adding a threshold voltage of 45 
said first thin film transistor to the potential of the 
scanning signal to put said first thin film transistor in 
the "on" state. 



1 3. A display apparatus comprising, an-anged on a sub- 
strate, a plurality of scanning lines, a plurality of 
data lines intersecting said scanning lines, a plural- 
ity of common power supply lines, a plurality of pix- 
els formed by said scanning lines and said data 
lines in matrix form, each of said pixels comprising 
a first thin film transistor having a first gate elec- 
trode which is supplied with a scanning signal 
through one of said scanning lines, a holding 
capacitor which holds an image signal supplied 
through one of said data lines via said first thin film 
transistor, a second thin film transistor having a 
second gate electrode which is supplied with said 
image signal held by said holding capacitor, and an 
luminescent element having an emitting thin film 
which is provided between a pixel electrode formed 
by each of said pixels and an opposite electrode 
opposed to said pixel electrode and emits light due 
to the driving current which flows between said 
pixel electrode and said opposite electrode when 
said pixel electrode is electrically connected to said 
common power supply line through said second 
thin film transistor, 

wherein one of the electrodes of said holding 
capacitor, opposite to that electrically connected to 
said second gate electrode of said second thin film 
transistor, is supplied with a pulse; a potential polar- 
ity of which is opposite to the selecting pulse of said 
scanning signal with a delay behind said selecting 
pulse. 

1 4. The display apparatus as claimed in any of claims 1 
to 13, 

wherein said emitting thin film is an organic 
semiconductor film. 

1 5. TTie display apparatus as claimed in any of claims 1 
to 14. 

wherein said second thin film transistor is 
formed so as to perform in a saturated region. 

1 6. The display apparatus as claimed in any of claims 1 
to 14, 

wherein said second thin film transistor is 
formed so as to perform in a linear region. 



1 2. The display apparatus as claimed in any of claims 1 so 
to 11. 

wherein one of the electrodes of said holding 
capacitor, opposite to that electrically connected to 
said second gate electi-ode of said second tiiin film 
transistor, is supplied with a pulse, a potential polar- ss 
ity of which is opposite to tiie selecting pulse of said 
scanning signal with a delay behind the selecting 
pulse. 



20 

BNSOOCIO: <EP 08952ieA1_L> 



EP 0 895 219 A1 




EP0 895 219 A1 



FIG, 2 



gate 



clise 




com 



22 

BNSDCXID: <EP_0895219AlJ_> 



EP 0 895 219 A1 




23 



EP0 895 219 A1 




24 

BNSDOCID: <EP_089S219A1J_> 



EP0 89S 219 A1 




BNSOOCID: <EP_0895219A1J_> 



25 



EP 0 895 219 A1 



FIG. 7 

(A) 



o 




BNSOOCiD: <EP_089521GA1_I_> 



26 



EP 0 895 219 A1 




27 

BNSDOCID: <EP 089521 9A1J_> 



EP 0 895 219 A1 



FIG. 9 



10 



< 

3 



-5 

•10 



PIG. 10 




10 -5 0 

VOLTAGE (V) 




-5 0 
VOLTAGE (V) 



28 

BNSOOCIO: <EP 089S2ieAt.L> 



EP 0 895 219 A1 



FIG. 11 



AMPERE /VOLT CHARACTERISTICS 
n " CHANNEL TYPE TFT * 



W 
D 



a 



1E.2 
1E-3 
1E-4 
1E-5 

ie-6 

1E-7 
1E-8 

ie-9 

1E-10 
1E-11 
tE-12 
1E-13 
1E-14 













1 1 1 


































































































1 













































































GATE VOLTAGE (V) 



FIG, 12 



u 

M 



AMPERE /VOLT CHARACTERISTICS 
P CHANNEL TYPE TFT 



1E-2 
1E.3, 

1E-4 
iE-5 
IE-6 
1E-7 
1E-8 
IE-9 
1E-10 
1E-11 
1E-12 
1E-13 
1E-14 



■20 -10 4V 

GATE VOLTAGE (v) 



10 



20 



>_089S219A1J_> 



29 



EP0 895 219 A1 




.089521 9A1_L> 



30 



EP0 895 219 A1 




31 

BNSOOCID: <EP_0895219A1J_> 



EP 0 895 219 A1 



FIG. 15 




32 

BNSOCXID-. <EP_089S219A1 J_> 



EP 0 895 219 A1 



FIGT. 16 
(A) 



■ sig (data) 




•Qate(sgate) 



^com ^30 .J 



op 



(B) 



sig (data) 



sig (data) 
^gate (Sgate) 

^ r 



I ^st 
Vgcur 4 1 



ycom 



>.gats (Sgate) 



— r„ 

^Vgcur^com 



"ON" 



"OFF" 



33 

BNSOOCIO: <EP_089S219A1J_> 



EP 0 895 219 A1 




34 

BNSOOCID: <EP Q89S21&A1 t > 



EP 0 895 219 A1 



FIG. 18 

(A) 

•sig (data) 



20 ^st 



\ 



cap 
gate (Sgate) 



com -30 




41 ""E ^op 



(B) 



sIg (data) 



com 



JL 



41 



Vgcur 



I 



St 



sig 



(data)^ « 



com 



cur 



St 



gate (Sgate) 
"ON" 



Vgate (Sgate) 
"OFF" 



35 

BNSOOCIO: <EP__089Sai9A1J.> 



EP 0 895 219 A1 



FIG. 19 




BNSOOCID: <EP_0895219A1J_> 



36 



EP 0 895 219 A1 



FIG. 20 
(A) 




sig (data) 



\ * ^cap 

^gate (Sgate) 




41 ^op 



(B) 



sig (data) 



gate (Sgate) 



♦ ^41 



Vgsw 



com 



Vgcur 
op 



sig (data) 



gate (Sgate) 



com 



iVgcur 



41 



,op 



"ON" 



"OFF" 



37 

BNSOOCIO: <EP 0a95219AIJ.> 



EP0 895 219 A1 




38 

BNSOOCID: <EP_0895219A1 I > 



EP 0 895 219 A1 




sig (data) 



Vgsw 



com 



^ — Sig (data) 
gate (Sgate) 

"ON" 




41 
St 



tVgcur ^QO"^ 



gate (Sgate) 
"OFF" 



BNSDOCID: <£P 089521 9A1_L> 



39 



EP0 895 219 A1 




BNSOCDCID: <EP 089521 9A1_L> 



40 



EP0 895 219 A1 



"5 

CO 



CO 



i J 



Q. 
O 



rl-- 



I 
I 

I 

• I 



1 

i: 

t 



O 



e 



in 



rr 



J I 



CD 
M 

[X4 



BNSDOCID: <EP_0895219A1J_> 



42 



EP0 895 219 A1 




BNSOOCID: <EP 089S219A1 \ > 



43 



EP0 895 219 A1 




44 

BNSOOCIO: <EP 089521 9A 1 _!_> 



EP 0 895 219 A1 



FIG. 28 



(A) 



sfg 

Q 



gate o- 



i_m_j- 



cap- 
40 



com 
20 



30 



-oop 



(B) 
Vdd 



VocT 

Vssr 



Pgate 



• _i 1 






i j 




1 i /' ! 
1 i / ! 




1 i/ 




j i/ 
! ! 







Pstg 



J 



com 

sig (data^ 

St 

op 



stg 



— gate (Sgate) 



BNSOOCID: <EP 08952igA1J.> 



45 




BNSDOCtD: <EP 0895219A1 J_> 



46 



EP 0 895 219 A1 



FIG. 30 

DY 



NAND1 
OUTPUT 

NAND2 
OUTPUT 

NAN1D3 

Output 

Sgatei 

r 

stg1 
Sgate2 
stg2 

Sgate3 
6tg3 



Vddy 1 

Vssy 

Vddy , 

Vssy 

Vddy 1 

Vssy 

Vddy 



Vssy 

Vddy 



Vssy 

Vddy 



Vssy 

Vddy 



Vssy 
Vccy 
Vssy 
Vddy 



zziiuz 



— : delay 



Vssy 

Vccy 

Vssy — 

Vddy — 



Vssy 

Vccy 

Vssy 



47 



EP 0 895 219 A1 



5 



FIG. 31 



sig sig^ sig. 

(data) com-^ \ com 



sig- 
com- 



J' 



1A 



com 



4^ 







^cap 


\ v7 








^-E 







40-^ 






— I 














f 











com 



48 



BNSOOCID: <EP_0895219Al_L> 



EP 0 895 219 A1 




BNSOOCID: <EP 0895219A1J_> 



49 



EP0 895 219 A1 




50 

BNSOOCID: <EP_08952ieAl_L> 



EP 0 895 219 A1 



FIG. 34 (A) 

si9 (dft-hx) 
? 



gate o 




FIG. 34 (B) 



J- 



%afe? 



GATE VOLTAGE WAVE FORM GATE VOLTAGE WAVE FORM 
SCANNING DIRECTION SCANNING DIRECTION 

Sgatel-^'Sgatea Sgate2— ^ sgatel 



BNSOOCID: <EP 0895219A1J_> 



51 



EP 0 895 219 A1 



INTERNATIONAL SEARCH REPORT 



IntemmlionjJ applkmtiori No, 

PCT/JP98/00656 



A CLASSinCATION OF SUBfBCT MATTBR 

Int. CI* G09G3/30, a05B33/08, H05B33/26, H01L33/00 

AoBMdiiig to InterBBtiooal Patent aanification (IPC) or to both mttonal daniftcBtion iitd IPC 



a FIELDS SEARCHED 



Minimum documentalcon searched (dassincation system followed by dassilicattan symbols) 
Int. CI* 60963/20-36, H0SB33/00-28 , H01L33/00 



Documentaiton searched other than minimum documeatatioo to the extern that sudi documents are indnded io Ibe fields seardied 
Jltsuyo Shlnan Kbho 1926-1998 Ibroku Jitsuyo Shinan Koho 1994-1998 

Kokai Jitauyo Shinan Koho 1971-1995 



Elaetronic data base etmsulted dun'og the intematknaJ search (name of data base and, where practicable, sewcfa terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of doamiant, with indtcation* where appropriate, of the relevmnr passacca 



Retevant to daim No. 



y 

Y 



JP, 8-227276, A (Pioneer Electronic Corp.)/ 
September 3, 1996 (03. 09. 96) 

JP, 8-1293S8, A (TDK Corp. and others ) , 
May 21, 1996 (21. 05. 96) 

JP, 8-227276, A (Pioneer Electronic Corp.), 
Septeiaber 3, 1996 (03. 09. 96) 

JP, 8-1293S8, A (TDK Corp. and others), 
May 21, 1996 (21. OS. 96) 



Ir 14 



2, 7, 8^ 14 



15-16 



15-16 



Further documents are listed in the cootinuation of BoEX C See patent family amiex. 



Spedsl oatecpnci of died donnaaxK "i' laierdDc««cMp«bUaiwdalUr tbsimcraatiooal filing dale or pfiocity 
*A dootmaatdeiiaiBgthegBwtalMatoofctisafiwfcic^booi dUaai^ftoileeeaflicl wiihdK^ptittlieab«tdtadtD«ad«lta«d 

eDoaidafBdlobeaf pKitkalamlMafla iw p*w;ri* ^ rt^yy ■pjtM^ytin rr M^oa 

*E" oftiwdoannalbmpu bCrt ad Oft qr after <i»twcma6oaai CUagdite *X* dbceaaMt of patticalar Klevaacic iba oMaud iovciitioa «au0t be 
*L' dociifmai«yciiaiaytkfo«do«b«aoapriorffrclaiB(^or«lbGbu ooMidBiedaowlorcBaeoibaaiaMcadtoiamlveaatflweailMflBp 
diadtoastabUsfatepoblicBiioadaiaaf aaotfwrdianoiiavotbcr vIkm ike doooaieai Is takes alMo 

^«daiftaaon(aa^pedltcd) *Y* duraawal of particalar trkwr aac ic dw dmmed bvnrioa coeacrt be 
'O* doca mm t frfomag teaa oral dbdcawft. aae, cafaimkm or olfcer m^AMmt tn hmrfrn aa liivr ■rl¥n tu%t wUm ftai iliii mm» at h 

meaaa conMeedariikoaaoraaoivotbaraB 
r docamcal puUisked prtor to dta inMatioaal filiag dale boi later ihao fadag obviraa to a posM sUUd ia (ka an 

die priority data daimad ^st" dbcvaunl acfnbar of tha aama pataol family 



Date of the actual oompleiton of the iotemational seardi 
May 12, 1998 (12. 05. 98) 



Name and mailing address of the CA/ 
Japanese Patent Office 

Faatmite No. 



Date of mailing of the tntcmational search report 
May 26, 1998 (26. 05. 98) 



Authorized officer 



Telepbaoe No. 



Form PCT/ISA/210 (seoood sheet) (July 1992) 



52 



BNSOOCID: <eP_0895219A1_l_> 



